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LAND APPLICATION OF SEWAGE SLUDGE 



ABSTRACT 



This review was undertaken largely to determine where knowledge 
is lacking for ecologically safe and agriculturally productive application 
of sewage sludges to farm lands. 

From this review it was concluded that sludge is quite variable 
in solids and nutrient content from one sewage plant to another and from 
day to day or week to week at any one plant. This is foreseen as a 
possible major problem In establishing safe rates of application. 

Nitrogen is likely to affect safe rates of sludge application 
and rates should be restricted to those needed for crop production, 
at least until more information is available. Phosphorus pollution of 
the groundwater is not expected to be a major problem controlling 
application rates except on organic and sandy soils. Phosphorus could 
cause problems in surface drainage due to erosion and runoff. 

The metals copper, zinc, cadmium, nickel, chromium and lead 
are high in some sludges and may be cause for concern. Other metals may 
also be of concern in particular sludges. Toxicities of copper and zinc 
to plants have caused problems in Britain and Europe. Cadmium is of 
concern for human health reasons and since this review was written it 
has also been reported to reduce plant growth at tissue levels as low 
as two parts per million. Soils absorb large quantities of most metals 
in forms unavailable to plants, provided there is a plentiful oxygen 
supply and provided the soil pH is maintained at a high level. It is 
suggested, however, that the best long-term method of controlling heavy 
metals may be to prevent them from reaching the sewage plant. 

Studies are reported on the survival of human and animal 
pathogens and viruses in sludge. The populations appear to be reduced 
but not eliminated by anaerobic digestion. They are essentially eliminated 
by heat drying. Human and animal parasites, particularly ascaris, survive 
sludge digestion and may persist in and on the soil for considerable 
periods, survival time increasing with high clay and organic matter 
content. 
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No information was found concerning the land application of 
sludges resulting from treating sewage with chemicals for the removal of 
nutrients. Although major problems are not expected with these sludges 
resulting from the use of lime, aluminium sulphate and ferric chloride, 
research is needed. 

There was little information found on times and methods of 
sludge applications which will not cause surface water contamination by 
erosion and runoff. 



UTILISATION DES BOUES DES EAUX D'EGOUT SUR LES SOLS 



RESUME 



La prSsente gtude a gte entreprise surtout afin de determiner 
les connalssances 5 acquSrir pour une utilisation sQre du point de vue 
ecologique et productive du point de vue agricole des boues des eaux 
d'egout sur les terres de culture. 

II ressort de I'etude que la teneur des boues en solides et en 
elements fertilisants varie beaucoup d'une usine d'epuration a une autre, 
ainsi que d'un jour ou d'une semaine ^ I'autre, dans une mSme station. 
On prevoit que cette situation posera Sventuellement un problSme majeur 
quand il s'agira de fixer les quantitSs sOres d'application. 

L' azote changera problablement ces quantit^s, qui devraient §tre 
restreintes a la production de recoltes, du moins jusqu'a ce que I'on 
dispose de plus amples informations. La pollution de la nappe phrSatique 
par le phosphore ne posera problablement pas de probleme pour de qui est 
des quantites d'application, sauf sur les sols organiques et sablonneux. 
Le phosphore pourrait toutefois causer des difficultes pour ce qui est du 
drainage en surface cause par 1 'Erosion et I'ecoulement, 

Les metaux comme le cuivre, le zinc, le cadmium, le nickel, le 
chrome et le plomb se trouvent en grandes quantitgs dans certaines boues, 
ce qui peut causer des inquietudes. La presence d'autres metaux dans 
certaines boues peut aussi Btre inqui6tante. La toxicite du cuivre et du 
zinc pour les plantes a crSS des problemes en Angleterre et sur le con- 
tinent europ^en. Le cadmium peut ggalement affecter la sante de I'homme; 
de plus depuis la redaction de cette etude, on a d^crouvert qu'il diminue 
la croissance des plantes, mSme a des niveaux de concentration dans les 
tissus de 2 parties par million, Les sols absorbent presque tous les 
metaux en grandes quantites, sous des formes auxquelles la vegetation n'est 
pas exposee, ^ condition qu'il y ait beaucoup d'oxygene et que le meilleur 
moyen a long terme d'eliminer les metaux lourds serait de les empScher 
d'atteindre les stations d'epuration. 

Des etudes ont aussi §tS faites sur la survie des agents patho- 
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genes et des virus humains et animaux dans les boues. II semble qu'ils 
diminuent, sans pour autant disparaltre, sous l*effet de la digestion 
anaSrobie. lis sont pratiquement eliminSs par un sechage a la chaleur. 
Les parasites humains et animaux, et surtout I'ascaris, survivent a la 
digestion des boues et peuvent demeurer sur le sol ou dans le sol pendant 
tres longtemps, leur duree augmentant avec la teneur en argile et en 
matieres organiques. 

Aucun renseignement n'a &te recueilli concernant 1 'utilisation 
sur les sols de boues provenant du traitement des eaux degout par les 
produits chimiques destines S Slimlner les Elements fertilsants. Bien 
qu'on ne s'attende pas S des problemes graves ^ cause de 1 'utilisation de 
chaux, de sulfate d'aluminium et de chlorure ferrique, il faudra entre- 
prendre des recherches sur cette question. 

On n'a trouve que tres peu de donnSes sur les p§riodes et les 
mSthodes d'application des boues qui ne causeraient pas de contamination 
des eaux de surface par erosion et ecoulement. 
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PART 1: LAND APPLICATION OF SEWAGE SLUDGE - A REVIEW 



INTRODUCTION 

For rrwre than two thousand years It has been recognized that 
organic materials could be used to increase plant growth, and human and 
animal wastes have been used for that purpose. Municipal sewage has been 
applied to agricultural land at least since 1559 (Deturk 87) and there 
was considerable literature on its use In 1894 (Rafter and Baker ]h) . 

In the 1940's sewage sludge was of interest to agriculture as 
a source of scarce nutrients. Considerable research, much of It of 
excellent quality, was done on land application between 19^0 and 1955. 
A number of useful reviews have been written covering this and earlier 
work (Pearse et_a_l_280, Subcommittee on sludge disposal 377, Law and Kerr 
251, Rudolf et_aj_479, 480, Anderson 71). There was little emphasis on 
water pollution with nutrients or heavy metals at that time however. 

Since about 1967 there is once again a surge of interest in the 
use of sewage sludge in agriculture although other sources of plant nu- 
trients are now plentiful and much more convenient to use. At this time 
the interest in land disposal of sewage sludge is based chiefly on a 
search for the least expensive means of waste disposal which will not 
harm the environment. If this leads to improved crop production it will 
be largely an unexpected bonus. 

This review was undertaken largely to determine where knowledge 
is lacking for ecologically safe and agriculturally productive application 
of sludges, particularly those sludges resulting from the chemical treat- 
ment of sewage for nutrient removal. Because of the cost of hauling, maximum 
acceptable rates of application are of particular interest. 

Many authors have presented values for the concentration of 
various constituents in different types of sewage sludge. A selection of 
references providing information on various fractions and elements is 
presented in Table 1. 

Reference numbers in this review refer to the bibliography, Part 11, 
Section A. 
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COMPOSITION OF SEWAGE SLUDGE 



It will be difficult to set guidelines for safe rates of sludge 
application without knowing the composition of the sludge to be applied. 
Brown (32) pointed out that the composition of sewage sludge depends on 
the living standards and dietary habits of the contributing population, 
the kind of industrial wastes discharged Into the sewers, and the type of 
sewerage system. The sewerage system could be taken to include the sewers 
themselves, and In the past storm sewers have frequently been connected 
to the sanitary systems leading no doubt to rather sporadic loadings with 
sand and silt which would affect the chemical nature of the sludge. One 
report (Anonymous 62) stated that "Organic matter applied to the land as 
sewage sludge is obtained at the cost of adding from one to one-and-a-half 
times its weight In inert silt." It Is not uncommon to have sludges with 
and "ash" content of 50% (Clark and Gaddy 11), 

Berrow and Webber (208) suggested that zinc tn sludge may come 
from galvanized eave troughing, presumably through storm drains. No 
doubt this could also lead to sporadic loading with zinc. One would hope 
that storm drains are no longer being connected to sanitary sewers In 
most cities. 

Many authors have shown that the treatment process affects the 
chemical composition of the sludge. In general, sludge from activated sludge 
secondary plants without sludge digestion has a higher concentration of nitro- 
gen and phosphorus on a dry weight basis than sludge from primary plants. 
Digested sludge (Anderson 72, Pearse 280, Calvert et_ a_l_ 22) usually has a 
lower nutrient content that raw sludge. Sludge from activated sludge plants 
with digestion appears to have somewhat similar nutrient content to sludge 
from plants using anaerobic digestion only (11). Pearse et_ a_l_ (280) presented 
an interesting table showing the increase in nitrogen (percent of dry solids; 
in an activated sludge system. Variations from one sewage plant to another 
are quite large, however (Rapp 36^), so that these general conclusions are a poor 
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TABLE I 

SELECTED REFERENCES ON THE CHEMICAL COMPOSITION OF SEWAGE SLUDGE 
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TABLE I (Continued) 
SELECTED REFERENCES ON THE CHEMICAL COMPOSITION OF SEWAGE SLUDGE 
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Na 
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Mn 


Fe 


Mo 
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Pb 
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S - sewage, P - primary or raw sludge, D - digested, 
A - activated, R - dried, L - lagooned. 



guide to the chemical composition of sludge from any one plant. The 
total nitrogen concentration in digested sludge from the four plants 
sampled by Clark and Gaddy (II), for example, range from 1.81 to k.J] 
percent on a dry-weight basis. Concentration of heavy metals may vary 
many fold (Berrow and Webber 208). 

Variations discussed above will cause differences in the 
chemical content of sludges from one sewage plant to another. Provided 
the output from any one sewage plant does not vary it should be possible 
through research to establish safe rates of sludge application for any 
particular sewage plant. Large variations in chemical composition of 
sludge from an individual plant from day to day or week to week could 
cause serious problems in establishing any guidelines. 

One might expect a rather variable output of metals from 
industrial plants depending on the number of shifts worked or changes in 
the product manufactured. Erganian (118) showed that the chromium content 
of raw sewage arriving at the treatment plant in Warsaw, Indiana varied 
widely from day to day with a low value in the month tested of ppm and 
a high value of 2.19 Ppm* McAchran and Hogue (228) showed wide variations 
in the phosphorus content of raw settled sewage in one plant from day to 
day and hour to hour. One would expect a portion of this variation to be 
present in the sludge. 

Pearse et al (280) showed that the nitrogen content of sludge 
from one plant is quite variable. Abbott (223) reported that the heavy 
metals concentration in digestor sludges from Ontario plants is quite 
variable, the change being over 100 fold within two weeks in the case of 
chromium at one plant. Zinc changed by a factor of 7 within two weeks at 
two separate plants. King and Webber have found that truck loads of 
activated digested sludge drawn from the Guelph, Ontario sewage plant 
ranged from 2.6 to 6.1 percent solids within a two-week period. The nitro- 
gen content was less variable, ranging from 1990 to 2955 ppm. Zinc content 

was intermediate with the highest value being over twice as large as the 1 ow- 

2 

est value. In an effort to avoid the variation in sludge; Stewart and Webber 

L. D. King and L. R. Webber, Department of Land Resource Science, 
University of Guelph, personal communication. 

2 

N. Stewart and L. R. Webber, Department of Land Resource Science, 

University of Guelph, personal communication. 
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drew sludge from a constant depth in one digester over a two-day period. 
The total nitrogen content in this case ranged from 2900 to 3580 ppm and 
the ammonium nitrogen content from 865 to 106^ ppm. 

Unpublished data for digested sludge from Chatham, Ontario 
provided by the Ontario Ministry of the Environment show the total nitro- 
gen content ranging from 1800 to 3000 mg/1 in 3 weeks. If one of the 
nutrients or heavy metals is the limiting factor in sludge application 
rates a very large margin of safety will be required where the concentra- 
tion of that particular nutrient or metal in the sludge can vary several 
hundred percent from day to day or week to week. This variation in out- 
put from any one plant is one of the most difficult problems likely to 
be encountered in arriving at useful guidelines for safe rates of sludge 
application to agricultural land. 
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AFFECTS OF SLUDGE ON PLANT GROVfTH AND WATER POLLUTION 

There are many references to the affects of sewage sludge on 
plant growth. In most cases it has been compared with chemical ferti- 
lizers and animal manures and has usually been found to be a suitable 
substitute (8, 9, 10, 19. 22, 52, 55, 68, 71, 87. 95. 151. 205. 226, 23^, 
280, 305. 3^1. 377. 378. /f^5. ^^6, kks, kSk, ^Q2, 522, 538, 556, 565). 

Nitrogen 

Sewage sludge can be a useful source of nitrogen for plant 
growth but the nitrogen content varies considerably depending on the 
sewage plant processes. Pearse et^ al_ (280) reported that digestion 
reduces the nitrogen percentage of sewage solids but that in an activa- 
ted sludge system the nitrogen percentage can nearly double. Liquid 
digested sludges frequently contain an appreciable portion of their nitro- 
gen in the ammonium form. Coker (10) reported the nitrogen in the 
Meads, Hertfordshire digested sewage to be 67^ in the ammonium form. 
King and Webber show that approximately kO% of the nitrogen in digested 
activated sludge from Guelph, Ontario was in ammonium form. King (I7A) 
shows that approximately 28% of thanitrogen in digested sludge from 
Athens, Georgia was in the liquid fraction and most of this was in 
ammonium form. Since much of this ammonium nitrogen is in solution it 
is lost when sludge is dewatered, resulting in a reduced value as a 
fertilizer and increasing the amount of nitrogen in the sewage plant 
effluent water, when the pH of the sludge is above 7.0 the ammonium 
nitrogen remaining after de-watering Is likely to be lost If the sludge 
is heat-dried. Molina et al (310) show that It can also be lost on air- 
drying. Sludge treated with lime for conditioning or for phosphorus 

'L, D. King and L. R. Webber, Department of Land Resource Science. 
University of Guelph, Guelph, Ontario, personal communication. 
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precipitation would be expected to lose much of its ammonium nitrogen if 
dried. Coker (9) quoted two different authors as saying that 28 and hk 
percent of the nitrogen in sludge was lost on drying. He stated that 
losses also occur by evaporation from sand beds. As early as 1932 
Skinner (3^*0) reported experiments from Bedford, England which indicated 
that 80 percent more value had been found in liquid than in the resulting 
dried sludge. It seems likely that most of this difference would be due 
to nitrogen. Loss of nitrogen seems to have been largely overlooked as 
a reason for applying the liquid as well as the solid fraction of digested 
sludge to land. King (171) shows that a smaller fraction of the phosphorus, 
potassium, and calcium and most of the' sodium are also in the liquid 
fraction of digested sludge and would therefore be lost to the effluent 
on dewatering. 

One of the advantages of organic manures is their gradual 
release of nutrients, and most particularly nitrogen, in contrast to the 
more common inorganic fertilizers in which the nitrogen is immediately 
soluble and available for plant growth and also for leaching from the 
root zone. A number of workers have studied the rate at which nitrogen 
from sludge becomes available for plant growth in comparison with other 
organic and inorganic fertilizers. Fraps (A90) reported on some of the 
earlier studies in which plant uptake of nitrogen was used to measure 
availability. He concluded that the nitrogen in activated sludges was 
about equal to that in cottonseed meal while that in digested sludges 
(including activated digested) was half as available. Later workers have 
used nitrification rates in soils as a measure of nitrogen availability 
(Anderson 71, Clark and Gaddy II, Fuller and Jourdain 128, Molina et al 
310, Premi 566, Premi and Cornfield 267, Stephenson 477). In general it 
has been shown that the nitrogen in digested, or activated, digested 
sludge is considerably less available than that in activated sludge which 
is in turn much less available than that in ammonium sulfate. There is a 
considerable portion of the nitrogen in the sludges that does not nitrify 
readily. Clark and Gaddy (11) showed that at least kO and 80 percent of 
the nitrogen in activated and digested sludge respectively was not nitrified 
after k weeks of Incubation and that nitrification after the fourth week 
was extremely slow. Filtered sludges were used in these studies, no doubt 



resulting in a lower proportion of ammonium than would be the case in 
fluid sludge. Stephenson (^77) and Anderson (71) also showed large por- 
tions which had not nitrified after k2 days and 16 weeks respectively. 
Stephenson used air dried sludges but it is not clear whether Anderson's 
sludges were dried or not. Molina et^ al (310) found that the organic 
nitrogen in digested sludge was not mineralized readily although the 
ammonium fraction was. They concluded that "digested sludge is a stabi- 
lized material which is not amenable to immediate biodegradation." 

Premi and Cornfield (267) ran incubation studies with undried 
digested sludge and concluded that "virtually all the nitrate produced 
was derived from nitrification of ammonium - N in the liquid fraction." 
It appears that sewage sludges have two rather distinct and quite differ- 
ent nitrogen fractions, an ammonium fraction which nitrifies quite 
readily, probably as readily as that in ammonium sulfate, and an organic 
fraction which is quite resistant to mineralization. It is unfortunate 
that In a number of the reports on nitrification rates, the proportion 
of the nitrogen in ammonium form has not been presented. 

There is an interest In sewage sludge as a source of nitrogen 
for crop growth on productive soils, and as a source of stable 
organic material or humus which can be added to beach sand, mine spoil 
banks, and other materials low in organic matter, to form productive 
soils. Where sludge Is used In this latter sol 1-bui Idlng role the rates 
applied are usually extremely high (Harrop 159, Merz 226, Scanlon 337). 
Merz used rates as high as 67O metric tons of dry solids per hectare in 
one season In his experiments. Merz stated that it is possible to apply 
22^ tons of dry solids per hectare without in any way Impairing crop 
growth. This application of the San Diego digested sludge used by Merz 
would supply 6,200 kg of nitrogen per hectare. Merz stated that this 
amounts to 80 times the amount of nitrogen and 1^0 times the amount of 
phosphorus normally used as commercial fertilizer. If sludge applied at 
these rates contains an appreciable amount of ammonium, nitrification 
would be expected to occur and groundwater pollution with nitrates would 
result. From what Is known about nitrogen transformations, this could be 
prevented only if the ammonium nitrogen could be driven off by raising the 
pH, preferably before application to the soil, or if the soil could be 
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kept partially or intermittently anaerobic so that the nitrate which forms 
is lost to the air by deni tri fi cation. At these rates of application, 
it seems unlikely that even the organic nitrogen in the sludge can be kept 
from nitrifying sufficiently to prevent groundwater pollution. Unfortun- 
ately, where high rates of sludge are used for land reclamation, I have 
been unable to find records of groundwater monitoring except for a short 
period by Harrop (159). Harrop applied 200 metric tons of digester sludge 
solids per hectare on one site in 1968 and 3^0 equivalent dry tons of 
Chicago lagoon sludge per hectare to a second site in 1969* Correspond- 
ence with Dr. C, Lue-Hing of the Greater Chicago Sanitary District has 
revealed that monthly monitoring of the groundwater was continued until 
1971, 3 and k years after sludge application by Harrop. There has been 
no increase in nitrates in the test wells. An increase in ammonium 
levels of 2 to 7 ppm was observed in wells on one of the two sites. The 
ammonium levels at this site dropped to the initial level in the third 
year. 

Some problems with toxicity of sludge to both plants and 
nitrifying bacteria have been recorded in the literature. Premi and 
Cornfield (267) found a delay in nitrification in soils at high rates of 
sludge but could not induce the same effect with ammonium sulfate and 
therefore concluded that it was not due to ammonium. Later (503) they 
suggested that it may have been due to a combination of high ammonium 
concentrations and high pH. Molina et_ _al_ (310) suggested the same cause 
but explain that it could be nitrite toxicity as nitrite levels can build 
up in the soil when ammonia levels are high. These authors found poor 
seed germination in soil treated with sludge but the toxic effect could 
be avoided by delaying seeding for one week after sludge application. 
They suggest that this effect can also be avoided by applying the sludge 
in furrows and seeding on ridges. Similar toxicity was reported by 
Lunt (2^2) . 

It appears that there can be problems caused by ammonia when 
high rates of sludge are applied to soils. These are familiar problems 
to farmers using common commercial fertilizers and manure, however, and 
should not pose as a serious obstacle to the use of sludge for crop 
production. 
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The main problem nitrogen poses in land disposal of sludge is 
pollution of ground and surface waters. Production and harvesting of 
crops can increase the amount of nitrogen which may safely be appMed to 
land, and grasses have been very commonly used for this purpose. Some of 
the nitrogen in sludge may be removed by loss to the air at high pH 
before or after application to the soil. It is also possible that after 
some of the nitrogen in sludge, particularly that in ammonium form, has 
been nitrified in the soil, it could be removed from the soil-water 
system by deni trif icat ion under conditions of limited oxygen supply. This 
would require careful control and manipulation of the oxygen supply, 

Hinesly and Sosewitz (5^0 'stated that "sludge application rates 
which supply nitrogen in amounts greater than those needed for crop pro- 
duction will increase nitrate levels in drainage water." This answer 
should be accepted until means are found for disposing of that nitrogen 
not required for crop production. 

Other Macronutrients 



Phosphorus content of sewage sludges is quite variable, ranging 
according to Anderson (72) from 0.8 to 7,k percent on a dry weight basis. 
The phosphorus content of sludges has increased over the years due 
apparently to increased use of detergents containing phosphorus (72, 377). 
Phosphorus is an important plant nutrient which is widely used as a ferti- 
lizer for crop production and sewage sludges are an excellent source 
(Vlamis and Williams kkS) ■ From one series of experiments with a large 
number of sludges, it was concluded (62) that the phosphorus in domestic 
sludges was up to one half as available as that in superphosphate. Soils 
have a tremendous capacity to hold phosphorus in insoluble forms with 
the result that phosphorus in sewage or sludge incorporated in soils has 
not usually been a water pollution hazard (Bendixen et^ a_l_ ^9, Greenberg 
and McGauhey 1^5, Sopper 502). On coarse textured and organic soils, the 
phosphorus retention capacity can be limited and phosphorus pollution of 
groundwater might occur at high rates of sludge application. Some 
evidence of this is provided by Huseman and Wesche (l8l). 

Potassium is an important plant nutrient in which many soils 
are deficient. Because potassium in plant and animal wastes is soluble, 
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however, most of the potassium In sewage remains In the effluent and the 
content in sludge Is quite low. Supplementary potassium additions are 
frequently required where plants are fertilized with sewage sludge (King 
and Morris 17^). Fluid sludges can be expected to contain more potassium 
on a dry weight basis than de-watered sludges. 

Sodium is similar to potassium In solubility but Is rarely in- 
sufficient in soils for plant growth. Because of its accumulation in 
waters in arid regions and its use In industry It could occasionally add 
to salinity problems where sewage sludge Is used in arid regions. It Is 
more likely to cause problems where the sewage effluent Is used for 
irrigation. 

Calcium in sewage sludges Is probably more important In prevent' 
Ing the development of soil acidity than In preventing calcium deficiency. 
Where lime has been used as a conditioner or for nutrient removal the 
calcium content can be extremely high. The resulting high pH might be 
expected to Interfere with the availability of other nutrients although 
no reports of such problems were found In the literature. 

Micronutr ients 



Because the amounts of manganese, iron, copper, zinc, boron, 
and molybdenum required by plants are small they are referred to as micro- 
nutrients. An excellent volume on the agricultural value of these 
elements and their reactions has recently been published (^30). Some 
soils, a small percentage of those in Ontario, are deficient in one or 
more of these elements and a few provide excessive amounts for certain 
crops. Requirements vary quite markedly from one plant species to another 
and even one variety to another within species. The range between 
deficiency and toxicity Is rather narrow in some cases and this is particu- 
larly true for boron. In Ontario for example the rate of boron fertilizer 
required for rutabagas can be toxic to oats or beans. 

The availability of micronutrlents for plant growth is markedly 
affected by soil pH. They all become more available as the soil pH is 
lowered from neutrality (pH 7-0) except molybdenum for which the reverse 
is true. 

Sewage sludge contains all the micronutrlents and can serve as 



- 12 - 



a source of these for crop production. One should not generalize on the 
value of this, however, as many soils are adequately supplied with nrost of 
the micronutrients and in some cases the sludge may be of negative value 
because of excesses. 

Manganese and iron are required by plants in larger quantities 
than the other micronutrients. Manganese is frequently present in acid 
soils in toxic amounts, however. In spite of this, manganese toxicity does 
not appear to have been a major concern where sludge has been used. Lunt 
(2^0) mentioned one case of manganese toxicity where sludge was applied to 
a soil of pH 5.0. Keller and Halter (268) suggested that use of refuse- 
sludge compost is not likely to cause toxicities or deficiencies of 
manganese or boron in Central or Western Europe. They also stated that 
"widespread use of borax washing compounds in Switzerland seems not to 
influence boron content of sludge." No doubt there are situations where 
manganese or boron could cause problems in the use of sludge for crop 
growth but they do not appear to be of major concern. With the exception 
of areas where the water is initially high in boron, such as parts of 
California, neither boron nor manganese from sludge is believed to cause 
a water pollution hazard. 

Iron is contained in sludge In quantities up to one or more 
percent but like manganese and boron it appears to be of little concern 
for crop growth or water pollution. Much of the Iron in sludge Is 
insoluble and most soils contain appreciable amounts of iron which 
remains insoluble and unavailable under conditions of good aeration and 
near neutral pH. Excessive levels of the metals, copper, cobalt, nickel, 
chromium, manganese, or lead in the soil interfere with the availability 
of Iron and thus cause deficiencies. 

Molybdenum Is required in very small amounts by plants, less 
than 0.5 kilogram per hectare usually being sufficient to correct 
deficiencies. With some exceptions {II, 208) it Is low in sludges. 
Molybdenum toxicity in plants is rare as they appear to have considerable 
tolerance (^31). Toxicity Is occasionally a problem in animals fed plant 
material containing high molybdenum concentrations. Where sewage sludge 
applied to crop land contains more than a few parts per million, monitor- 
ing of plant molybdenum concentrations would be advisable. 
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Cobalt is not believed to be a requirement of most plants but 
Is a requirement of root nodule bacteria of legumes and of ruminant 
animals. There is little information on cobalt toxicity. Its content 
in sludges is low but variable. 

Although they are plant micronutr ients , copper and zinc are 
discussed in the next section as the problems they pose in relation to 
land disposal of sludge are similar to those with some of the non- 
nutrient heavy metals. 

Heavy Metal Toxicities 

The plant micronutr ients co'pper and zinc and the non-nutrient 
metals chromium, nickel, cadmium and lead have received attention in 
recent years in regard to environmental quality. 

Copper and zinc contents of sludges vary widely. Clark and 
Gaddy (11) list activated, digested, and activated digested sludges from 
the U.S.A. with copper concentrations ranging from 0.03 to 0.20 and zinc 
concentrations from 0.06 to 0.37 percent of dry weight. Berrow and 
Webber (208) give a range of 0.02 to 0.8 percent for copper and a median 
of 0.08, and a range of 0.07 to h.S percent for zinc with a median of 
0.3 percent for sludges from England and Wales. Thompson et_ aj_ (^69) 
report concentrations up to 0.6 percent copper and 0.7 percent zinc in 
Oklahoma sludges. Srinath and Pillai (^78) found 0.05 percent copper 
and 0.05 to 0.06 percent zinc to be representative of one activated 
sludge plant in India. 

It is commonly believed that the higher concentrations of 
copper and zinc in sludge are due to wastes from metal plating and other 
industrial operations. Berrow and Webber (208) state that concentrations 
up to 0.3 percent are normal even for sludges from sewage works receiving 
little or no industrial effluent. 

A few soils are deficient in copper and a somewhat larger 
number are deficient in zinc for plant growth. On these soils moderate 
applications of sewage sludge are likely to be advantageous. However 
fertilizer applications to prevent deficiency usually amount to 20 kg. 
of soluble zinc or less per hectare. Copper fertilization is less 
common than zinc and rates of application are usually lower (^31). 
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An application of 20 metric tons of sewage sludge {dry weight) per 
hectare at 0.3 percent zinc would result in 60 kg. of zinc applied per 
hectare. At a rate of 200 metric tons per hectare the zinc appl Ication 
would reach 600 kg per hectare. These rates are greatly In excess of 
those recommended to prevent or correct deficiencies. 

The heavy metals are predominantly in the solids portion of 
digested sludge (26?), (5^0), and Molina et^ aj^ (310) showed that they 
remain insoluble on aeration. Rehling and Truog (361 ) showed however 
that carbonated water (pH ^.5) extracted sufficient boron, manganese, 
molybdenum and zinc from dried activated sludge to supply the needs of 
plants. 

Berrow and Webber (208) stated that the total amounts of copper, 
zinc, and tin in dried sewage sludges were approximately ^0 times those 
in British soils. They reported that the median figure for zinc in 
sludge, soluble in 2.5 percent acetic acid, was over 500 times that in 
soils. Soluble copper content was also quite high. 

Several authors have expressed concern about zinc and copper 
toxicity to plants where sludge was applied. Lagerwerff (535) presented 
a very useful discussion of heavy metal contamination of soils and 
mentions sewage as one source of contamination. King (50) showed 
reduced growth of rye where a 5 cm layer of sludge containing on the 
average 6.3 percent solids and 151 ppm zinc (0.2^^ of solids) was applied 
four times in the preceding year. The rye forage contained 380 ppm or 
more of z i nc, and exchangeable zinc in the surface soil was quite high. 
Zinc toxicity was not confirmed but the author believed it was the most 
probable cause of poor growth. Copper content of the forage was also 
qui te high. 

Rohde (352) reported that land around Paris and Berlin, 
irrigated with city sewage for many years, ceased to produce high yields 
of crops. He found these soils to be unusually high in both acid- 
soluble and water-soluble copper and zinc. Although Rohde found higher 
zinc concentrations than copper In the soil he suggested that copper was 
more likely to be the main cause of poor growth. Most plants require 
more zinc than copper and although copper concentrations in sludge are 
usually lower than those of zinc it should not be assumed that zinc is 
for that reason more likely to be toxic. Le Rtche (2^6) found a high 



- 15 - 



content of copper and zinc In plants, and extracted with 0.5 N acetic add 
from soils which have been fertilized with sewage sludge for 20 years. 
Yield was not reduced but the sewage sludge applied was relatively low 
in copper and zinc, 0.002 and 0.08 percent respectively on a dry weight 
basis. Le RIche does mention that metal toxicity was suspected as the 
cause of sugar beet failure in several localities on sludge treated soil 
where affected plants contained abnormally large concentrations of zinc, 
nickel, and chromium. Carlson and Menzies (21) suggested that copper and 
zinc toxicity may cause problems when -sludge is applied to land. 

Berrow and Webber (208) mentioned that "over the years problems 
of crop growth arising from the use of sewage sludge (in Britain) have 
been investigated by soil scientists of the National Agricultural Advisory 
Service. Heavy metal toxicity has usually been diagnosed". These are 
apparently the same cases mentioned by Le Riche (2A6) . Rinno (357) 
mentioned Iron chlorosis in "sewage-sick" soils and attributes It to 
copper and zinc toxicity. 

It Is rather surprising that Merz (226) did not find metal 
toxicities in barley when he used up to 670 metric tons of San Diego 
sludge solids per hectare in one year. Heavy metal content of the sludge 
was not reported but San Diego Is an Industrial city so one would not 
expect the sludge to be particularly low in metals. Other workers have 
used rates of 200 metric tons or more per hectare without toxicity 
problems. Seiberth and Kick (326) after twelve years of fertilization 
with a sludge compost report a greatly increased total and exchangeable 
content of copper and zinc in the soil but only a slight increase in the 
concentration in the crops. There is evidence that sewage sludge can 
prevent metal toxicities from occurring by making the metals less 
soluble (5^0 . 5^5) ■ 

Chromium content of sewage Is usually lower than that of zinc or 
copper although it can be quite high (208 , 23 I) • Tannerys are a major 
contributor of chromium to sewage (208) but metal plating can also be a 
major source (231) ■ Metal toxicities have occurred on or near serpentine 
formations and some workers have suggested that high chromium concentra- 
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tions may contribute. Nickel has more commonly been considered as the 

cause, however . 

Chromium toxicity can be induced when Cr is added to soils 

or nutrient solutions (Turner and Rust 135). Plant response to chromium 

has been recorded {^30, p 209) but is certainly uncommon. Andrezejewski 

+3 . 

(^55) used chromium tanned ground leather as a nitrogen source without 

causing chromium toxicity. Lagerwerff (535) said that chromium is not 

known as a soil contaminant. Small quantities of chromium are required 

by animals and man but toxicities do not appear to have aroused a great 

deal of concern. 

Nickel content of sewage sludge Is usually considerably lower 

than zinc, copper, or chromium but there are exceptions (208),(469). 

Nickel toxicity In plants has been recognized for some time on serpentine 

soils (535). Although nickel toxicity from use of sewage sludge has not 

been reported, some caution appears warranted where sludge high in nickel 

is used. 

Cadmium concentrations In sludge are usually lower than those 
of copper, zinc or nickel. Massel 1 I and Masselli (231) analysed digested 
sludge from five New England sewage plants and all contained less than 
100 ppm cadmium on a dry weight basis. Five Danish sludges contained 
less than 60 ppm on a dry weight basis (281). Out of k2 sludges from 
England and Wales (208). 35 contained less than 100 ppm, the limit of 
detection, but seven contained more than 100 ppm and one contained 
1500 ppm. Cadmium is readily taken up by plants (Lagerwerff ^99) but has 
apparently given no cause for concern in regard to plant growth. Cadmium 
in cows' milk reflects the cadmium level of the pasture on which the cows 
graze and there is considerable concern about the relation of cadmium to 
human health. Some studies have related cadmium to hypertension and 
cardiovascular disease, although the evidence is not conclusive 
(Lagerwerff ^99). A close watch on the cadmium content of sludge, and of 
plant material grown on sludge appears to be warranted where the plant 
material is used for human or animal food. 

Lead is present in sewage sludges but has caused little concern 
in terms of plant growth. Soils appear to have a remarkable ability to 
fix lead In unavailable forms (^99) and although it can be toxic to plants, 
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toxicity is apparently extremely rare. Lead is toxic to humans and 
animals and a great deal of concern has evolved around Its content In the 
atmosphere. A few sludges are quite high in lead (208) and contamination 
of soils and human and animal food from this source should not be over- 
looked. 

Water Pollution from Heavy Metals 

The ability of soils to hold heavy metals and prevent them from 
reaching the groundwater is probably as important in their use for sludge 
disposal as the effect of sludge on plants and the animals and humans that 
eat them. The heavy metals, manganese, copper, zinc, chromium, nickel, 
cadmium, and lead are all held In water insoluble forms by soils (267, 
310, 5^0). 

Organic matter holds these heavy metals rather tightly in 
various compounds and chelates (^30). If this were not so, the soluble 
heavy metals in sewage would no doubt leave the sewage plant in the 
effluent water Instead of largely in non water soluble form in the sludge. 
The reactions of heavy metals in the soil were discussed in some detail by 
Ellis and Knezek {^92) and by Stevenson and Ardakani (^88). They are held 
in quite stable complexes so that Kick et al (5^5) were able to correct 
the toxic effects of heavy metal ions in soil by applying sewage sludge. 
Most of the micronutr ients form relatively insoluble hydroxides in soils 
and they are also held to the clay surfaces by exchange reactions and 
other bonding mechanisms (^92). Some organic matter-metal complexes and 
chelates are soluble however, and thus available for plant uptake or 
movement through the soil. 

The heavy metals are very much more soluble at low soil pH than 
at pH values above 6.5 (^92, 535) partly due to the more oxidized state of 
these metals at higher pH values. Liming of soils has been commonly 
recommended for many years both to prevent and cure toxicities of 
manganese, iron, aluminum, copper and nickel. European workers have 
emphasized that heavy metal toxicities due to sludge application can be 
prevented if the soil pH is maintained at a high level by application of 
1 ime. 

Because the heavy metals are held both by the soil organic 
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matter and clay minerals they tend to be concentrated in the part of the 
soil where they are applied, usually on or near the surface (535). Plants 
remove small quantities of the heavy metals from soils in the portion of 
crops which are harvested, or re-deposit them on the surface In crop res- 
idues. Rainfall and irrigation water on the other hand tend to leach the 
nutrients to lower depths. 

The heavy metals are more soluble in the soil under conditions 
of low oxygen supply. A number of the metals change to a lower oxidation 
State under poor aeration and the low oxidation states are more soluble. 
The oxygen supply diminishes rapidly when soils are water saturated but 
may also be low at lower water content where rapidly decomposing organic 
matter causes a high oxygen demand. Bocl<o {kk) pointed out that sewage, 
and presumably sludge, can increase the oxygen demand. Kee and BJoom- 
field (13^) studied the effect of flooding and anaerobic incubation on 
soils with and without addition of plant material. They found that iron, 
cobalt, nickel, lead, vanadium, and molybdenum were mobilized when 
flooded and incubated with plant material. Copper was liberated when 
incubated with water, but when organic material was added, the extractable 
copper disappeared rapidly. When the soil was "re-aerated" the amount of 
extractable manganese, cobalt and zinc changed very little. These 
results emphasize the importance of good aeration if the heavy metals are 
to be held from moving into the groundwater. Bouwer, working with sewage 
effluent, also emphasizes the importance of aeration (38). 

Lehman and Wilson (2^7) flooded a calcareous sandy soil with 
sewage effluent continuously or every second day for 11 weeks. Manganese 
and nickel were found in the filtrate at 30 cm. depth in the continously 
flooded lyslmeters, but not below 8 cm. in the lysimeters flooded on 
alternate days. Small amounts of copper and zinc moved through the 
lysimeters with both flooding treatments. These results were confirmed 
in a field site. No lead moved below 60 cm. in the lysimeters or in the 
field. Cadmium remained near the surface both in lysimeters and in the 
field. The leaching and frequent anaerobic conditions used in sewage 
disposal by irrigation are far from typical of what would occur in sludge 
disposal. The solubility of the metals may also be different in sewage 
effluent than in sludge. 
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Little information Is available on the movement of metals when 
sludge has been applied. Hinesly et^ a_l_ reported (5^0) that after applica- 
tion in digested sludge, the heavy metals remain in the plow layer and 
that solubilization is negligible in soils of neutral or high pH . One 
might expect problems with metal uptake by plants or leaching into the 
groundwater when the pH is allowed to drop below 6.5 or the soil becomes 
anaerobic. Although most crops grow well at pH values of 6,5 and above, 
there are some crops which do not. It may be impractical to grow these 
crops where heavy applications of sludge are used. Problems would be 
most severe with sludges high in heavy metals and on sandy soils low in 
organic matter as both clay and organic matter are important in holding 
metals. Because of aeration problems, one would be concerned about 
heavy metal toxicities where sludge is applied to poorly drained soils. 
This may conflict with efforts to remove nitrogen from the sludge by 

deni trif icat ion. 

Although heavy metals at the average concentrations found in 
sludge do not appear to pose insurmountable problems in sludge disposal, 
more information is required. There are concentrations of heavy metals 
in sludge, however, that are much higher than the average and which, if 
applied to land, will probably result in very high total content in the 
soil for hundreds of years. These extreme concentrations come from 
industrial sources and it appears that an effort should be made to 
prevent extreme levels of metals from reaching the sewage plants. This 
seems more logical than trying to control land application to the extent 
that even extreme rates will not result in a build-up in the soil. It 
might also help to reduce the variability in sludge from a particular 
plant from week to week or month to month. Any possibilities for 
reducing the hour to hour or day to day variability in sludge from any 
one plant should also be explored. It is becoming common for farmers to 
mix their liquid manure before spreading to provide a more uniform 
material. Perhaps a thorough mixing of the sludge in storage tanks would 
also be possible and would result in a more acceptable amount of variation 

in the product. 

Concern for pollutants, including heavy metals, in human and 
animal foods and knowledge of their importance has grown rapidly in 
recent years. It is probable that future studies will find new relations 
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between heavy metals, a number of which have not been mentioned in this 
article, and human and animal health. The importance of some elements in 
sewage sludge could change rather markedly as a result. 
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DISEASE ORGANISMS AND PARASITES 

A number of diseases can be transmitted through sewage (189, 
280, ^80) and chiefly because of this many countries or states have 
rather specific regulations on the use of sewage effluent and sewage 
sludge for production of crops used for human or animal food (63. 1^9. 
168, 360, 43^4, 506, 560). There has been concern in this area for many 
years and the topic has received considerable study (280, 297, 3^^, ^80) . 
A common recommendation Is that sewage not be used for irrigation of 
vegetables for human consumption or for Irrigation of pastures used for 
dairy cows. It is not clear whether many of the recommendations also 
apply to application of sewage sludge. 

Plant Diseases 

The spread of plant diseases through sewage use on land has 
received little attention. Cooke and Kabler (55^) isolated 18 different 
plant pathogenic fungi from sewage. They comment that some fungi which 
can be quite useful in breaking down sewage are pathogenic to plants. 
Cooke (557) Isolated 9 species of Fusarium, a wilt producing fungus in 
plants, in a sewage stabilization pond. He suggested that use of sewage 
effluent or sludge on crop land could produce a heavier than normal spore 
load and under suitable conditions become a potential hazard to the farm 
community. Cole et_ a_l_ (7) discussed the danger of plant diseases due to 
sewage irrigation and are concerned about the possible problems, particu- 
larly in humid areas. One would expect that the possibility of plant 
disease infection from sludge would be a good deal less than with sewage 
irrigation because of the less frequent application and different timing 
of applications. However, this aspect of sludge disposal should not be 
overlooked. 

Bacteria 

Rudolfs et_ a_l_ (^80) published a rather comprehensive review of 
the literature up to 1950 on bacteria and viruses in sewage, sewage sludge, 
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and on vegetation. They concluded that raw fruits and vegetables growing 
In infected soil can be contaminated with pathogenic bacteria and may be 
difficult to clean or disinfect. They believed that the organisms 
Esch. col i , E . typhosa , and Mj_ tuberculosJ s were most resi stant . 
Viability was greater at low temperatures* in moist soils high in organic 
matter, and near neutral in pH. Presence of other organisms tended to 
reduce the survival time. 

Raw sewage sludge is heavily contaminated with col iform 
bacteria and pathogens (143) and frequently its use on land is prohibited. 
Lewin [ikk) said that the use of raw or even cold digested sludge is 
rarely satisfactory and Leaver (2^8) suggested that raw sludge should 
be buried. 

The processing of sewage in itself affects the bacterial content 
of the sludge. Connel 1 and Garrett (5) studied 136 samples of heat dried 
sludge from various sewage plants and found none with a col iform count 
above 17 per gram. They comment that, since the bacterial, parasitic, 
and viral enteric pathogens that commonly occur in sewage have the same 
order of heat sensitivity as the col iforms, they are also destroyed. 
There was also some destruction of heat resistant organisms. These 
authors believe that heat dried sludge is safe even for growing of 
flowers and vegetables. Bartow and Hatfield are quoted by Pearse et al 
(280, p. 38) as finding that only spore-forming bacteria were present 
in heat-dried activated sludge. Heat-dried activated sludge has been 
approved for general fertilizer use by the American Public Health Associa- 
tion (19) and has been commonly sold in North America for home garden use 
since the early 1940's. Air drying reduced but does not eliminate 
disease organisms (19). 

Reeves (483) found large numbers of col iforms and the presence 
of pathogenic genera in compost made from sewage sludge and sawdust. 
However, sludge composted under controlled conditions where the tempera- 
ture was allowed to rise to 65 - 70 C was considered by Drige (225) to 
be free of pathogens. Shell and Boyd (325) showed that composting killed 
added salmonella as well as pathogenic yeasts, viruses and ascaris ovae. 
From Wiley's review of the literature on composting (418) it appears 
that, provided the temperature is high enough, pathogens are destroyed. 
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Doyle (101) found that liming raw sludge to pH 12 or above 
destroyed Salmonella typhosa although a col i form test was positive in 
most cases. Trubnick (^58) showed that addition of lime In the dewater- 
ing process reduces the coliform count. He suggested that a properly 
conditioned dewatered sludge, fresh or digested, would be limed to pH 11 
or 12 and could be disposed of with a "minimum possibility for the spread 
of pathogenic organisms." Ferric chloride, used along with lime as a 
conditioner, was believed to contribute to this effect. 

According to Chambers (19) digestion of sludge reduces patho- 
genic organisms but does not eliminate them. Goldstein (137) on the other 
hand quotes microbiologist John MandeM as saying that the sludge from 
the Allentown, Pennsylvania plant would be considered to be free of any 
pathogenic organisms such as salmonella and shigella. Etzel et al (119) 
found that gamma irradiation at 200,000 rads effectively removed the 
public health hazard from sludges. 

There have been many studies on the survival of pathogens after 
spreading in the field. Most of these studies have dealt with irrigation 
of sewage effluent rather than sludge. Because of the method and fre- 
quency of application, one would expect less opportunity for above ground 
plant material to be contaminated from sludge than from effluent irriga- 
tion. Once infected, survival of the pathogens from sewage or sludge on 
the plant material would likely be similar. 

Most workers appear to agree with Rudolfs et_ a_i_ (3^^, ^80) that 
raw fruit and vegetables growing on contaminated soil can be contaminated 
with pathogenic organisms and are difficult to disinfect. Even chlorine 
rinses are unreliable. The only reliable method of decontamination is 
pasteurization, according to these authors (3^^). However, Dunlop and 
his co-workers (105, 106, 109) and Norman and Kabler (297) found no 
significant contamination of vegetables with salmonella when contaminated 
water was used for irrigation. Rudolfs et_ a_l_ (3^^) found no evidence 
that "pol lutional" bacteria or amoeba penetrate healthy unbroken surfaces 
of vegetables. No higher coliform count was found by these authors on 
vegetables grown on soil irrigated with sewage the previous year than 
where no sewage had been applied. They suggested that sewage irrigation 
of vegetables should be stopped one month before harvest and that if this 
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is done no higher bacterial contamination results than if chemical ferti- 
lizers are applied. Dunlop (107) gave a very useful review in which he 
summarized the survival time for various pathogens in soils and on vege- 
tables. From this, it appears that one month from sewage or sludge 
application to harvest would allow little margin of safety. Dunlop con- 
cluded that vegetables eaten without cooking should not be irrigated with 
sewage effluent unless they are disinfected. It seems reasonable that 
this should also apply to sewage sludge. 

Mallmann and Litsky (^52) found that coUform organisms per- 
sisted in soils for long periods, but that enterococci and typhoid 
bacilli died out rapidly. The higher the soil organic matter content, 
the greater the persistence. They concluded that the value of coliforms 
for measuring the health hazards of vegetables from soils receiving 
sewage is small and that the streptococci appear to have value for this 
purpose. Other workers (107) have found typhoid surviving in soils for 
two months or more. 

Henry et_ a_I_ (l6l) found soils effective in removing coliform 
bacteria from sewage effluent. Butler et_ a_l_ (23) concluded that bacterio- 
logical ly safe water can be produced by percolating sewage effluent 
through 1.2 meters of fine sandy loam soil, but finer textured soils were 
more efficient, and coarse textured less efficient, in terms of the depth 
required. McJller (309) concluded from his studies that sewage irrigation 
will not contaminate the groundwater with pathogens provided the water 
table is 5 meters deep or more. Hinesly e_t_ a_l_ (5^0) found that a Plain- 
field sand removed the fecal coliforms from drainage water. However, 
the drainage water from Blount silt loam and Elliot silt loam was high in 
coliform organisms. The authors did not expect this difference, but 
speculate that it may have been due to cracks in the latter two soils. 

Soils have been used for sewage effluent disposal for many years 
and sludge disposal for a somewhat shorter period, but it appears that 
more work is required to set reliable guidelines for safe application of 
sludge from a bacterial standpoint. 
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Vi ruses 

Out of 1^0 samples of raw and treated sewage, Kelly and Sander- 
son (A96) isolated I66 strains of viruses. Chlorination "often, but not 
always, reduced the frequency of isolation and the concentration of 
particles." Nupen (29^) believed that enteroviruses and hepatltus virus 
are more resistant to chlorination than organisms of the coliform group. 
Mack e£ aj_ (^87) took U03 samples of Lansing and East Lansing sewage 
over a 2U month period. The most probable numbers of coliform and 
enterococci followed the same general pattern as that of the viruses. 
Viruses were isolated from 8 percent of the samples. Viruses were found 
in the raw sludge more frequently than in the sewage. Clark et_a_l_ (561) 
found that activated sludge removed most, but not all, of the viruses 
from sewage, but they were only able to recover a small percentage from 
the sludge. Kelly and Sanderson(^96) could find no active viruses in 
activated, Imhoff tank, or digested sludge. Later, Kelly et_ a_I_ (^89) 
studied the mechanism of virus removal and believed that it was partly 
due to adsorption and partly biological. 

Grabow (36) in his rev lew ment ioned that ultraviolet radiation 
can kill viruses. This review also mentions that pH has an effect on 
virus inact ivation. At pH values approaching 10.0, three days were 
required for the de-activation of polio type 1 virus. At pH values 
above 10.0, de-activation was much faster. 

Drewry and El iassen (172) studied the adsorption of bacterial 
viruses on soil and report that at pH values above 7-0 or 7-5, adsorption 
decreases rapidly. In general, the higher the clay and silt content and 
ion exchange capacity, the greater the adsorption, but there were except- 
ions. They concluded that virus movement through soils under saturated 
conditions should present no great hazard in most soils provided reason- 
able precautions are observed; for example, if wells are not placed 
within 30 to ^0 meters of septic tanks. 

MacDonald (5^) studied the persistence of viruses in soils and 
developed equations for predicting the depth of filter bed required to 
achieve a desired degree of viruses purification. 
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Human and Animal Parasites 

Rodolfs et_ a_I_ (^79) suggested that the main organisms in the 
animal kingdom which are of concern as human and animal pathogens trans- 
mitted in sewage belong to the protozoa and the helminths. 

Of the protozoa, Endamoeba hystolytica , which causes amoebic 
dysentery, is considered the most important. Rudolfs and his co-workers 
presented a very useful discussion of the work on this organism up to 
1950. They concluded that it is mostly water-borne and that the cysts 
may survive for weeks or possibly months in water or sewage. There is 
some question whether Endamoeba hystolytica can survive anaerobic digestion 
of sludge (280) although it has been reported to survive 12 days of 
digestion at 20°C or 10 days at 30°C (107). It apparently cannot survive 
air drying even for a few minutes (107, 3^^, ^79) and probably survives 
on plant material only for a day or two (107) unless conditions are very 
wet. Rudolfs e£ a_[_ (3^*^) suggested that one week would exceed survival 
time in temperate regions and two weeks in the wetter climates of 
tropical regions. It can apparently survive on soil for at least a week 
(107). No mention of its movement through the soil to the groundwater 
has been found, but this seems unlikely to be a common problem since it 
is reported to be efficiently removed from water by a sand filter (^79). 
Endamoeba hystolytica does not appear to be of critical concern in regard 
to use of sewage sludge on land as other pathogens have much longer 
survival times. 

Stone (383) reported one outbreak of the tapeworm Cyst icercus 
bovis in beef cattle grazing on pasture freshly irrigated with raw sewage. 

Among the parasitic helminths of particular concern are the 
tapeworms, Hymenolepis nana ; the roundworms, Ascaris lumbricoides and 
Trichuris trichJura ; and the hookworms, Necatar americanus and Ancylostoma 
duodena le (^79) . 

Rudolfs et_ a_j_ (A79) reviewed the literature on survival of 
helminths and reported that ascaris eggs were most resistant both to 
chemicals and to environmental conditions. They can survive sewage sludge 
digestion at 20-30 C for three months and hookworm eggs can survive 
digestion for 64 days at 20°C or h\ days at 30°C. Krige (225) agreed 
that ascaris eggs can survive sewage digestion. Ascaris eggs were viable 
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in sludge for 118 days in a greenhouse and 170 days outdoors under drying 
conditions. It appears that air-drying does not kill ascaris eggs and 
probably not hookworm eggs. Both hookworm and ascaris eggs passed 
through the activated sludge process. Composting is reputed to free the 
soil of ascaris. Liming of sewage is reported to have hastened the 
death rate of ascaris eggs to the extent that they failed to develop 
after one to 12 days depending on the lime concentration. 

Under favourable conditions ascaris eggs can survive in soils 
for 6 to 12 weeks, the survival time being lowest in sand soils in the 
sun(^79). Higher organic matter and clay content increase survival time. 
The eggs can apparently live over winter in the soil in temperate regions 
but do not survive well in very wet soils. Dunlop(107) reported much 
longer survival times for ascaris than those reported by Rudolfs et al 
(^79), 2.5 years survival in soil and up to seven years in sewage. 
Kostomarova-Nici t ina (220) also mentioned survival periods of five to 
seven years. They found 2k species of algae which are effective in 
destroying ascaris eggs. 

Rudolfs et_ a_I_ reported that ascaris eggs remained on lettuce and 
tomatoes for some time, but had degenerated by 27 to 35 days. 

It appears that helminths should not be a problem on above 
ground vegetation grown the year after sewage sludge application or if 
sludge is worked into the soil before seeding or planting. However, 
from the reports in the literature, one is left with some doubts about 
the safety of eating raw roots of vegetables such as radishes grown even 
a year after sludge application. 
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TYPES OF SEWAGE SLUDGES 

Comments have been made throughout this review concerning 
differences in sludges which affect their performance when applied to 
land. There are several aspects that may warrant further comment. 

Raw Sludge 

Opinion appears to be rather common that sludge which has not 
been through a digestion process should not be used for land disposal. 
Lewin (2^^) stated that use of raw or even cold digested sludge on land 
is rarely satisfactory and Leaver (248) suggested that raw sludge should 
be buried; apparently, raw sludge may be spread on land in Colorado 
(Korbitz, 506) , provided it is spread 300 meters or more from public 
access, 0.8 kilometers from residences, and provided there is assurance 
of no human or animal access for at least 12 months. Pearse et al (280) 
reported that in 19^2 there were 28 U.S. states which recommended that 
only heat dried or digested sludge be used. He listed as reasons odour 
problems, physical ill effects on the soil, partly because of the high 
fat content, and the possibility of spreading disease. Weed seeds can 
also be a problem (280) . 

Chemical Sludges 

Chemical treatment of sewage for nutrient removal is receiving 
increased attention as a means of precipitating more phosphorus than 
would otherwise be removed in the sludge. In Ontario, sewage plants whose 
capacity exceeds one million gallons per day and which are in the Lake 
Erie drainage basin, must by law have phosphorus removal programs operating 
by December 31* 1973- For the Lake Ontario drainage basin, the deadline 
is December 31, 1975 (22^). It appears that the chemicals most commonly 
used will be calcium oxide or hydroxide, aluminum sulphate and ferric 
chloride. One of these chemicals will be added at the primary or 
secondary stage of treatment. There appears to be little, if any, 
information published on the use of sludges resulting from this treatment 
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on land. There is some information, however, on the effect of lime 
additions to sludge for conditioning prior to de-watering and filtering 
on the properties of the sludge resulting. Pearse et_ a_l_ (280) mentioned 
some limited use of this sludge on land. There is a large amount of 
information on the application of lime to soils and the resulting effects 
on nutrient availability. 

Limed Sludge 

It has been suggested that limed sludge from nutrient removal 
programs may contain as high as 50 percent of the total solids as calcium 
carbonate equivalent (20 percent calcium). At this concentration, each 
ton of sludge added to the soil would be approximately equivalent in 
terms of raising soil pH to adding half a ton of agricultural lime. 
Unlimed sludge is usually considered to have some acidifying effect {^5^) • 

Black and Lewandowski (^6) reported an average pH value of 
9.2 in the primary effluent and 7-8 in the aeration tanks, when lime was 
added for nutrient renwva 1 . The pH of the resulting digested sludge is 
believed to be in the range of 7-2 to 8.^. 

Although lime treatment Increases the amount of phosphorus (46) 
and probably the amount of heavy metals (379), (381), (476), (478) going 
into the sludge from a given volume of sewage, it also tends to increase 
the volume of sludge and sludge solids (224). Thus it is not clear 
what happens to the concentration of these elements In the sludge. One 
would expect that the high pH values attained would result in loss of 
ammonia to the air in the primary and aeration stages. There Is evidence 
that this does occur resulting In less ammonium nitrogen in the effluent 
(46) and probably also a lower ammonium nitrogen content in the sludge. 
Some ammonia might also be lost with gases drawn off during digestion. 
Thus one would predict a lower ammonium nitrogen percentage In limed 
sludge. 

The phosphorus and heavy metals In limed sludge would be 
expected to be less soluble than those in unlimed sludge. The application 
of the limed sludge to acid soils would decrease the availability of 
heavy metals and boron as this occurs when lime is applied. If the 
addition of sludge raised the pH of an acid soil to pH 6.5, phosphorus 
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availability would probably increase. Higher pH values would be expected 
to reduce the availability of phosphorus. On soils with a pH value above 
7.0, little soil pH change would be expected on the addition of limed 
sludge. In this situation, the concentration and availability of the 
heavy metals and phosphorus in the sludge relative to availability in 
the soil before sludge application would probably determine whether 
availability of these elements increased or decreased after addition of 
sludge. This would be further influenced by the addition of organic 
matter in the sludge and its decomposition. In such a complex situation, 
the answer might vary depending on the soil and sludge. At high rates 
of sludge application, limed sludge could have advantages as one would 
probably want to keep the phosphorus and heavy metals as unavailable as 
possible because of the danger of groundwater pollution and metal 
toxicities. 

Doyle (101) found that if raw sludge was limed to pH 12 or above, 
Salmonella typhosa was destroyed and Rudolfs et_ a_l_ (A79) found that lime 
additions hastened the death of hookworm larvae, the extent of this effect 
depending on the pH. Liming will convert ammonium to free ammonia in 
sewage and sludge and free ammonia is toxic to most, if not all, living 
cells. Whether the free ammonia will remain long enough in the sludge to 
produce a sterilizing effect or simply volatilize more rapidly is unknown. 

Iron and Alum Sludges 

Aluminum sulphate and ferric chloride are both known to precipi- 
tate phosphorus and are likely to precipitate heavy metals as well. 
Stones has demonstrated the capacity of aluminum sulphate to precipitate 
metals (379, 381, ^76) and one would expect that sludge treated with 
aluminum or iron would also make phosphorus and heavy metals less soluble 
In soils. This would depend on whether there was unreacted aluminum or 
iron in the sludge and would also be affected by the organic matter added. 

Soluble iron and aluminum are toxic to plants, but both react 
rapidly to form insoluble compounds in the soil at pH values of 6.5 or 
above. Where lime and aluminum sludges are applied. It may be necessary 
to lime the soils occasionally to counteract the acidifying effect and 
resulting toxicities of heavy metals added In the sludge. 
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In a complex biological system, such as plant growth in soils 
fertilized with something as variable as sewage sludge, predictions of 
what will happen are likely to be very inaccurate. The comments presented 
on time, iron and aluminium sludges should therefore be treated with 
considerable caution. Research in this area is urgently needed. 
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TIME AND METHOD OF SLUDGE APPLICATION 



The time and method of sludge application appears to have 
received little scientific investigation, although there is a large body 
of practical experience. 

Fluid sludge when applied to the soil flows readily and one 
would expect it to reach adjacent streams if heavy rains occurred 
immediately after application. Even after drying, there appears to be 
some danger of sludge floating off the fields in flash floods if it is 
left on the soil surface of sloping land. In Ontario, sludge is applied 
on the snow in winter, but there appears to be no information available 
on the pollution hazard resulting. There is concern about winter applica- 
tion of animal manure and perhaps information gained on the one type of 
waste can be applied to the other. 

In Eastern North America, there are times each year when farm 
fields are too wet to bear heavy trucks without damaging soil structure 
or growing crops. The English practice of applying sludge from a truck 
through a large sprinkler (Olds 290) might be quite useful in such cases 
although the application of sludge on the leaves of growing crops is 
apparently unsatisfactory. 

Because of the reactions of nutrients, heavy metals, and 
pathogenic organisms in sludge with soils, one would expect large differ- 
ences in the effect on plant growth and persistance of pathogens depending 
on whether sludge is left on the soil surface or turned under. Little 
information on this type of comparison was found in the literature. 

Information is urgently needed on methods of sludge application 
because of the danger of surface water pollution with organic materials, 
nutrients, heavy metals and disease organisms. It would be tragic if, 
after great expense to remove these pollutants from our effluent waters 
in order to protect our streams, we were to apply the sludge carelessly 
and re-pollute the water which we are striving to protect. 
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LAND DISPOSAL OF SEWAGE SLUDGE 



PART II - Section A 
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fl^j ZwUFJAHPir.FO FP*-lLANDVFfSUrH 7UR WIPKU'ir, V :N MULL-IINL) KLARSOHLAMMKOMPnSTEN, STALLMIST UNO STROM AUF ERTRA 
G, NAHP-^TOFF-lIMn HUMUSHAUSHALT OES nnnEN-^ (A TwELVE-YtAfi FIELH T^ST ON THF EFFECT OF REFUSE COMOOSTS ANR S 
KLAR^FRKS CA20NLR -72B0203- - 

PIE A^lWA'^SEOSrHLAMnOFSlTIG'tNG p^S -^UNrHCNFR KL^PHERKf r.prSSLAPPEN (THF SFHAGE SLUDGE REMOVAL OF THE SEWAGE TRE 
ATW^^'T WOOKS OF GP^'SSt APPFN NF'." -^U'lICh-. 
^,,,jy CA2nNLR -72B0471- - 

cpMF FFFFTTS IF NITOno'-N SnURC^ G^ "^PfMS A^ T P^^FPFt-S GRHWINti IN ROHT-KNOT- 1 NFEST ED SOIL. *Sl UPGE *NE HATODE S* 
. KO'MJNALFN CAZONLR -72B0467- - 

UMTFRRPU'GUNG VC\ L ANPW IRTSCHAFTL !C t-F\ UNO ^PMMJNALfN ABFALLSTHF FEN I"! BODFN. CLAND DISPOSAL OF AGRICULTURAL A 
m ND 'MUNICIPAL wa';te). 

^ K-"'nML=N CA20NLP -72B0338- - 

, ' Tf f HNI "^.i-Hr FPA^.TM ly^a G ANZ J AHP f G^ '^' t5W ftSS ^F L/*^:'^"FH^. NRL' IMG SPWlE GAMZJAHPIGF RFWASSFPIJNG SCHWERFR BODFN MIT KOH 

MUNALFN ARwASSrPN (TECHNICAL TFS^KN^ PEtf-TEP "JITH YE AR-RPUNn L ANT TREATMENT OF SFWAGE EFFLUENT AS WELL * 
KOPALMANYCH CA2aNLP -7ZB0302- - 

y^TC^n\iF PAHAMA ^nZLlWHSCT Z AS TCSfU fiHI « nnrflrnt- KCP ALNI ANYCH OwYCH PO UZY7NIANIA GLEE P I ASKOWYCH. I I . WPLYW OOP 
AOQW NAH2R;'<;T I PUNHWAMF f^nn in W WACuhKACH POLIWYCH (PR-LIMTNARY INVESTIGATIPMS DN THE PQSSl 
LABl^AT-ioY CA20NIR -72B03<t9- - 

CrNTAMINATTHN rr VFG-^TABLFS GPOWN IN P'llLUTFl' S^U. 11. FIELH AND LAinPATHFY 5;TlJDlES CN ENOAMCEBA CYSTS. *SFH& 

LABIPATOPY ' CA2CNL'' -72B0S25- - 

LAflORATOPY STIJOT c<: ON '-tESufHI L I C ("NP thp R-^hph ( L I C iN/'Ft/ripiC SIHOGE PIGFSTION. 
LAmi'ATn'-Y CA20NLP -72B01J7- - 

"^TPTir Tf'lK FCFLD'^MT P'^RTnLATIlN THCrnr.H ^?'1'1 irr.lFR L A "^F.P 4T(iP y CHNPITinNS. 
LSr-itATT^Y C12'3NLR -72B0';';8- - 

A L ^'^'I'^ftTnt'Y GniPP T.-J FUNG! IN PILLHT'-p WATCp":, S'^'JAljt, A'tn SEyAGF TRFATI^'iT SYSTEMS, 
LAn.ivjtn CA2C1NLR -72BO<r'tl- - 

FrrrCT^ of USI^■G L f-'^'^N^n SPWAG'" '"FclU-NT 'N fATMIANP. ^Pf'Or nat^xic I tv*salts* 
l_4r|,.j<^ C''2nNLP -72R0020- - 

SlllPGF '!~YING L.'f.r':'"^ AT wINNIccr., 
Lfl^II CA2CNtR -7?fi003P- - 

f TU'^M i(' WEST'S Ti TH- L''NP, A K 1L "" FPU Af ^ I CJL Ti |C ■; , '^P!'''' T; « S'l 'M 'J»'"Pn T^ S S I UM**'A GNF S ! U ^*C A LC I l.i"*M T kOGE N* PHOS P 

HiPu'-f-suLFiio^rHi. n^i nE*L*" ACMi'r,«rFri u'^vT*prviFw* 

LA-ii CA2PMP -72=lOOSO- - 

lA'in DISf'SAL i'"^ S^W^G*^ SIDDGr": P. Tn< rpFFCT PM SOU f"-". M^, ZK, ANP CPPWTH AlMt' CHFf«ICAL i" r f^nps I T I l''^I IF RYt 
(S:CALF rcf E/'l =1,1. 

LA-jl CA.'rNtR -T^RJC/j- - 

I ATiP ".FTL 1-1M riN--' ri'^PL^i^ S'"L'lT|-T'l ;ir SLJOPf^ / NP SHLTpS OlSP'iSAl PPn^|_E*i. *rH|rAGr* 
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CA?OML«> -72B0103- - 

^"''^ FnL.TLK-Hr .p^£SS'---.V-«W-«T.JNr,-. u, PAKTPk FJF [HE GANZJftHPIGf 4BW « S S<^- L ANOP FHaNn UMC (SFWAGE DISPOSAL IN FflPES 

TPV-i FU-o !•: Y^*^-^n..Nr nisonSAL BY I M- T^r.-.T-FNl). •POL *Nn* S..'^ . . * IP P I CAT 1 DM • ^^^^^^^^ -72B0l?O- - 

U?INr. SCWAG-^ SLljnr.r pn fa.-, LA-'^. Cfl2CiNLP -7?B01l«»- - 

Lfi^n CI3P,JSAL OF S-WAr,= ^Liinr.t: III. THF FFPrCT nr, SdiL MTPftT"-. fiZPNL- -72B0429- - 

SrwAGE DISPOSAL RY LANO IPRlGATinh.. .ohps ^H -)cnS-Pr,T 4SS I UM»ph*HMmuS* CA20NLR -7280451- - 

OF INHU^TPIAL SPWAGF IN TMF Lir.HT HF SEVAC- niSPOSAL RY LAND TP^AIMFNT. *"'>'^'^*'' ^*S^°J^J* JA LT S* ^^^^^^^_ _ 

FXPEPIENC^S WITH TMF SLMDOE P'^OCRA-- IN THE O^MVfc" A^F*. * I NC [ N- P AT ! ON*L AND-^ CA2DNLP -72B0523- - 
"-*''* a PCVIE-( OF THP 1^69 11Tp>:aTU^p U- HA5TF^-^TFP AND WATFP POLLUTION CINTPGL. *RE VIFH*SLUDGE*LAND* PHOSPHHRUS'L I "F 

*ALi.M*ANALYTICAl* CA2CNLR -7280467- - 
UNirRRPINGUNG VHN L A'lDW I P T SCH AF T L T T HFP UNP KCI^'MNALEN A BF ALL STOP F^*. IM PODFN. (LAND DISPOSAL OF AGRICULTURAL A 

"nD MUNICIPAL WASTFl. CA20NLR -72B0385-- 

PISOQ^AL nF SLUHGPS GN LANO. *FE='T I l I Z FB *MANURE* CA20NLfl -72B0584- - 

LA^C IN SFWACE pMP I F T r ^T 1 ON. <:5 LUnO'^ * I RR 1 G^T I CN*CCPPF9 *CHPn»' 1 1 H •N I C KEL» CA20NLR -72B0382- - 

LANC DISPHSAL OF SFWAG= 'AT I'^DUS-^UL WASTES. CA2QNLR -72B0546- - 

LAND DISPOSAL Of ACTIVATrp ^LiJ-^GE AT SAN MAqcOS, TFXA5. •P I DGf -FUPROW* CA20NLR -7280541- - 

DIGESTED SIMCGF nisPOSAL ON ''.'^'^° LAND. "NIT^ AT c*Hr avY y PTALS'CH ICAGG* 

CA20NLR — 72B0202— — 

WASTP WATER PENDVATION 8Y THE I AND - 4 LIVING FILTFR. CA20NIR -72B0185- - 

SEHAGE DISPOSAL PRACTICE IN EMPOP^. *LAND. ^^^^^^^ ^7260150- - 

HYGIFME HF LAND TK^ATMENT HF S^WAGF. *PATHOGFMS« ^.,n.,. o ■»-.r.Aii.-» 

rnMPL FMFNTAOY P PL AT lONSHl PS RPThEPN RECLA^ATinN QF SDHFACF MINED LAND AND SLUDGE DISPOSAL. 

CA2DNLP -72B0174- - 
LAND niSPOSAL HP LlOHm SFWAG^^ SLUHGE; I. THE tFFFCT ON TMF GPDWTH, CHEmICAL COKPOSITirN AND IN VIVO DIGESTIBI 
IITY OF nASTM S'-OMUDAGRASSICYNODON D/TTYLON L. " ^ PS I . *N I TPnCEN*PH0SPH0RUS*P3T A SSI UM*CALCIt)M* MAGNES I UM*S 

CA20NLP -72B0170- - 
ZUM FPINIGUNGSEFFPKT DE =» ABW ASS --RL AMCPE HANDLi ING IN RI ^LOGI SCH-HYG I ENI SCHER SICHT ( R lOl OGICP-HYGIEN IC ASPECTS 
F Pi)PIF ICATIHN PFFICIfNCY I" S^WAr.F DISOPSAL BY LAND TP.EaTMFNT). •C QL I FORM»L F ACHING* 

CA20NLR -72B0244- -= 

SrWAGF SI IIDGF riS"'^S4L - BACK T'l "^HF LAND. 

CA20NLR -72B0217- - 

VFfiSUCHS'^''GPPNlSSP IWF" HIP Pricr^'JHANPl UNG VTN AKWA SSCPSCHL A-M TN "EP CHEHISCf-PN INDUSTRIE (EXPERIMENTAL RESUL 
TS T THE LAND T^pST'IFNT IF <:F^AGF SL'JDjFS FPn^* CH'^MICAL I NDUSTu 1 f S) . 

CA20NLP -7280233- - 
iri<LU'N'"f OF SEWAGE DISPOSAL BY LAVH T:;p^T^■<:NT OF k'Ti^PS. *P0L A ND* PHDSPH0RUS*REM0VAL* 

CA20NLR -72B0339- - 
TrrHMl<;r.Hi^ FP\r,CK, oPP GAN7JAHr;K,F^: AHWASS pf I ANHftPHftNOLONG SCWIE CANZJAHRIGE HEHASSERIJNG SCHHEPFR BODEN MIT KQM 
MMNH'^N A6W4<;^P''N (TFCHMICAL QJESTI^NS pFIA^FT ^j th YtAR-FOUND LAND TPEATMFrT OF SEWAGE FpfL'JENT AS MELL A 

CA20NLP -7 2803 59- - 

Lt'jr T-^ATMC^^T 'IF c,F^A7P. HH^Cir^W^' 

CA20ril P -7280352- - 

TH^ Et-PK^F r<: TCrr t-LT'ifMS ^N THT r XHt 'JST I C HF S f H ftGF- I dR IGAT FO LAND. *F d anC t •GfP MAN Y^COPPE R*2 I NC ♦TOX I C I T Y 
4^1ArJ^ft^t S^^S'IP I I"'*"" 1tlfLT*""LV'''"*-'-'ll'.'*Tp-'r;iN=' 
L^-|, C^?^NL'^ -7280354- - 

PI"" ST'LLi'^'' '' " / ^v.tS= ^f^ rif ''F HA m II'T. A1 S '" r.FL " - TinoF ifR APtiA'^SEP'- - I NI GONO U^lD EO PnnnFRM SSl- 7 i) P»RtP wE I 
yrprf^TmC KiKN''. Pi 0E°. JO^ . (SPMGF niSPOSAL f^ V LA^D TREATMENT A °'=C,'fL^° "FTHOD OF H^TEl; PI JR I F K, AT I DN , IT 
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CA2>3Nl'» -72R0296- - 

;,nL= TF 'M'"1L Wl^T^S I ': A jP IC'.JLTlli 4L \ f-'iO °U\:^f, *W 2T C- *oCL LUT I 0*4* 

C^?1^LP -72'1013^- - 

C120NLR -72ftC29B- - 

/> f'-iO'iTFc Moo^^L F"B STGOAOf I'jri LA'40 DISPfS'L CF *"4l^AL WASTES. 

CA20NLB -72B0290- - 

fiDPLYi*.". ^-^wA'.c <;L"n'',e n la'P. 

CAPONIR -72fl0292- - 

tMFRGCK.CY L Afn OrSf^SAL Of SE-JAGf^. 

CA20NLP -72B0180- - 

ZiJC P3'^'lLF'^4T!l' D-^P A°^4SStPSrML ^"MV'^PwrBTU'jr, I'' LA'JOHAiJ ( TH^ opOBLFMS nr THF IJTILIZATION OF SEW4GE SLUDGE IN 
AC.'*ICULTU='F 1 . 
Lt-n-^l^TSrHAr- CA2GNL'' -72BO307- - 

KLAfSCHLi''*'UFO|JF'^TlJ^tr. IN PFP L'T'ik-IoTSrHftfT (Thp US"^ .if^ 5fWAr,c SLUDGE IN AO" I GUI Tlio E) , 
LA^JHl'TSriflFnirHr-i CA2aNL^ -72^0219- - 

m^GlK-MKETTEN nfP LA'ini^IPTSr^+AFTLl'^HFN VE'lh'fRTUNG VQ'l AUS0EF4ULTEN SCHLAMMEN (POSSIBILITIES FOP AGRICULTUB4L U 
TILIZATIC'J IF FFRMENTEn SL'jr'Gcj. 
LANlHirTSCHArri irH^-U CA2nNLR -7280*67- - 

llNTt:fiqPI*IGUriG VTl L 'NOWI OT Sf hap TL K l-E\ UN^ K T*",, k,a(_ Pfj IRF AL L STOF F^N fM PO^FN, (LAND Dl SPOS&L TF AGRICUITURAL * 
NO -MUNICIPAL WASTFl . 
L4'i;jflH<?I',f CA20NLR -72B0179- - 

DIF LANGJ^HQlGf VE»WE"TU'IG V IN ftBWA S5 "^ F AUL SCHl AM-.- IN lINE*1 VIEt-LOS f^PH I RTSCHAFTE T FN BETPIEBf UNO IHRE AUSWIRK 
ONGEN AUF DI^ F ir.FNSCHAFTFN UNO LFIST^^lCE^; DPc- ^ODtN 
UTITiJOE CAZONLR -72B00«9- - 

F IDGE AND FllROfW LlOUn -4ASTE r^l^^'^SM IV f. IRTHF^r. LATITUr-F. *SPR I NKL "^ R *'=Laon*P I DGE- FlJRROH^N I TROGEN*PHOSPHnRUS 
* 

CA2CNIR -7290038- - 
PETHRNI'lG WASr-^-^ Tn THf LANn, 4 P'lLE PHR A[,o I C UL TUF ■:. *10C -JN^SODIUM^PnTAS SIUH*MAGN ES HJM»C ALC 1U*»*N I TROGE N*PHOSP 
HOPlIS*SUL^U».*CHLGRI DE+LF ACHING* cpri^ UFMT -RE VI E W* 

CA20NLR -72fi01<?9- - 
p -jcH pynSPPCf. *IPPIGATinM*SPDINKLF"5*SFWfiG'^*FPPLlJENT*l.?ArHING*PENNSVLVANIA* 

CA20NLR -72B0183- - 
THF PURIFYING FFFfCT OF niFCEPTNT •^ETHtmS OF SEWAGP-WATER TREATMENT IN 1 NVE "IT IG AT I (1f"S OF BERLIN SAND SOIL. *IR 
RIGAT inN*SPRINKLEP*FLXn*FU''P'^W»LEeCHl*'&*NlTRnGCN*NITRAT?«A*'M3NIUM*PHOSPHOOUS*POTASSIIIM»CALCIUM»SaOIUM* 

CA2aNlR -72B02*7- - 
TBiCE ELEMfjT FE«nvAL F^Cm SEWAGP "-FFLUENT RV SOIL FILTRATIPN. * I "IN^MAMG ANF SF*M CKEL ♦COPPER*Z I NC*LE An*CADM I UH 
•LfACHING* 

CA2GNLR -7260145- - 
fH = »'irflL fHft(.;GPS Pi SFvJAGE nilM'"G ^ "^Ci A -ftT J n-i 9.Y 5P-*EAniNG. ♦ A VMON IUM*LE ACHING«M TR AT E •CALC IUK*Hftr.NE SI UM*PHDSP 
HOPUS*SQCIUM*SOLFAT E*CHL QB I DE *B I Cfi» BONA T^ * 

CA20NLP -72B0159- - 
r'OPTH/iE^TPPM ■J^IVHPSITY SOIL F'' k I fM^fiT PFrLAMSTIn^ PRnjrrT. *L " ACH I NG*M 1 TP AT e«N 1 TR I T E *N I TROGE N* 

CA2CNIP -72B01'^7- - 
rHE^ICAL !*|TF ■'fl'"T IClS ^f" WASTLW/T-^o I'l A Sf I L tNV'RONMFNT. *LEArHIMG* 

CA20NLR -72R0161- - 
Sf WAG'" •TC'LUESl ni S^'i^ ^L ThPO^GH r.OQP I PR I GAT ] '-'^l, *COL I FOR M*L ^^ ' THl NG« N I T R TGFN* PHrSPHORUS'M AGN FS IUM*C ALC IUM*SnO 
lU'-rePHTfl'^SIiJ'^* 

CiPOMl R -72H01 70- - 
/.J ' Pri'iIGUMGS'^'^^'KT p A"W1';Sr»l ^NDi'FHAMrLiiNG I" RlJl ^G1SC'1-HYG'P^1I SCHPP SICHT ( R Ki ^gi r.o-HVGI EMC ASPECTS 

F pir-iF ir'*'"l'"N FFF ii-.ic'jrY if; S'"rfAC' pisp'^sai ^.y i ano tppatunti. *r'"i if nRv*i f acHiNG» 

CA20NLR -72P0171- - 

tm" f f- 1 ''"T iiF I lo.Jiii I in(. n\ t-p^^th Af;n c hF" ir m r -'pmsi f fN pf c^a^t m nt uMiji.flr.j A*^s an^ rvf a no on sou pro 

PFP T] r ^, AMMfi^T » V"l ATI I I ZAT tf'Ni, *hn 'll *c-M ' t ^AC M NG. 

fA2fiNLP -72B03^h- - 
f* tiit;, ISjPLHt^Nfl^ Tit<" HFSIGN ^^>^ nPH-A^Tntj f ci n syM:-.!*. i IP w^STr lU'ftTMrNi. * t t" ^ <■ HI NG*M TR 4TF *N I T n I T F 'AM 

>0'jiii''«A>'5*f n IP r-- -t^R/TT t ij M*"" if)*.inr* 

L"ll CAPCNl'-' -7 290*70- - 

'1'J Tr.xir'TY V HASy W-'Tcps pP'^f MPII^C -ANP M f T A I L 'JPG IC Al I f':OU'=; TR I f $ . *C 'JPP F R* I L AP* Z I Nf ♦ 
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CA20M0 -7290261- - 

C12fNl= -72B0169- - 
FEASIBILITY re P^'T-^IS-T }pt x-^&Y F L U "^ ''SCF'jr r £N;iY?I'; F ^'R ^^iSUT-lG ^A^cd P^LluTlC. 9Y -^fTALS. *A NALV T IC AL • I 

CA2CNIP -72flOZ47- - 
Tt^fF TLC tCM c=-'nvM^ rsC S^HiO'- =FFLJPnt t^y <: i ■ I L PRTo/LTUV. • J P n>i«Mfi»,G • vc SF* MC "CF L •C 0'>PF P* Z I NC» L= AO* C A^M ItJM 

• It ^'"HI NG* 

C420Mfi -72B0246- - 

"tTAi, CT:TA(-rg/Tir-r, :|F ^HiL ri wmjqN VAPX^T-'-.ArDEN EXP€='!^'ENT PESULTING FHCM A"PLIC4TIQN Of SFHAGE SLUDGE. *C 

CieALT*CHF"i»<IM'^«r:iPDFD*Mr:LY^r!:NUM**JlCK£L *LCAn*?lNr* 

C420rLR -72B0223- - 

■■<fTAL<' I'l MJMCIO^IL SFW?0C5F SYS^ = M^. «r h^iomiu ^" Z ' \C*CPPP = ="■ -N K.KEL «L E M*MftV'CANE SF •? I TAN I UM» 

CA20MLR -72P020S- - 
TtflCF FL'^^'t^'^'TS IN SFHAG"- SLMOG?. •Z I NC*CHPn mimmscPPdE" •r4ICKFL*T IN*SH.V'=R*«I SMUTH*LE AC*MANGANFSF*VANAniUM*TOX IC 

ITV* 

CAZONLR -72B0034- - 

S^MF CHANG^^S IN PGLLUTEO HAT FC dJPlNG PERr.(LAT|CN THROUGH SOIL. ♦Cnt>PFR*NICKFL*Ct-''aHIUM*MANGArESE*Z INC»LEAO*I R 

nN*AM'>inNiuM* 

CA20MLR -7280051- - 

THE USr PP INOtJSTBIAL PonOUr.TS AS FEPTILWF^S WITH TP\CE FIE«ENTS IN RIMAMA. *rC3 ALT* IRON*MANGANESE*CONTENT»L 

FAD*Z INC*C1PPER*SULf^l)R» 

CA20NLR -72B013*- - 

THF rFF-^CT OF CLnnniMG AND AEPATIhn fl ^ H^ '"IDeiLITY OF CFPTAIN TRACE ELEMENTS IN SOILS, •LEAC*CGPPEf>*NICKEL*Z I 
NC*CPSALT*MANGANF*;'^*CHP^HlUM♦^Xln^TIPN*''F^XIDATION*VANAnIUM*MOLY'iOFNUM* 

CA2CNLR -7260021- - 
UTILIZ^TI^N OF IJPOANW^STFS IN Cphp PCl^OUd ION. *GARf! AGE*SLUnGF*BORON*f:nPPER*LE AD*HANOANESF *ZI NC*NI CKEL*CH^nMI 
UM*CA DM I UM* EFFLUENT* 

CA20NLR -7210381- - 

THF FATc np LEAD DUP I MG TPEATMFNT "^F S'^WAGE. *SI.UnGE*L IME 'ALUM* 

CA20NLR -72B0A99- - 

LeAOl MPPrU^Y, ANT rAHMlllM AS t' NV I^ ]WF NT AL C HNT AMI NANT S. 

CA2aNLR -72R0«i22- - 
fPTILIZEP AMO FERTILITY VALUF OF SErtAGE SLUDGE. *N I TRQGE^* PHOSPH'DRUS*'>OT ASSIUM*ALUMINUM*CALCIUM*MAGNES lUM^MAN 
(54MFSc*sniIU''*T ITAN!UM*COPPFR*«aRlJM*;iNCnEAn*NICKEL*COBALT*SULFUO*CHPOMIUH*ARSENIC*flORPN*IOOINe»GREASE*L 

CA2nNLR -72B0535- - 
HEAVY M'^TSL CONT AM I NA T I ON OF SOILS. •SFWAGF*SLUDGF ♦COPPER*Z I NC*MANGANFSE*NI CKEL *At UMI NUM*MERCURY*CA DM Il)M*l F AD* 
pcvjcu* 

CA20NLR -72flOS45- - 
TH"^ AVAILAfML'TY OF CP, NI, ZN, C 3t SN, ANP Pfl FOR PLANTS. *CHPnMlUM*Nl CKEL* ZI NC*C AOMI UM*T IN*L E AD* . 

CA2rNLR -72605*0- - 
AORICMLT'JRAI BENEFITS AND F N VI RPV-INTAL CH^NGfS RESULTING FRC^ THF ijSE OF DIGESTFO SEWAGE SLUDGE ON FIELD CROP 
S. *NITRnG'^N*PHnSPHnRUS*PnTASS I']M«CH^0MinM*C4nM IU"»COPPER*Lf An»MANGflNESE*N!f KEL»ZIN*COLIFOPM*VI RUS* 

CA20NLP -72B0A?5- - 
US'-" OF CHROMIUM L<-ATHER REFUSE AS 'lITRHGEN SOUC'-fF IN THF F E PT IL I Z AT ION PF PLANTS, 

CA20NLR -7260179- - 
DIE LANGJAHP.IGE V^BWEPTUNG VHN ASl^'A S S E(^ F AUL SCHL A^M IN EINF" VI^HLOS 5FH 1 RTS CHAF T ET EN BETRIERE UND IHRF AUSWIRK 
UNG'^N AijF niP f IGFNSCHAFTEM UMn LFlSTUN'jr^ n^c HPnFN 

CAZONLR -72B0195- - 
FPC'IS IN ZINC. '' . TKi^ATMF^IT nf LF^LUFNT FPr-- HflT DIP G AL VAN' I Z ING, * I RON 'H YnpQX T pF* SLLIDGE *PF HAT ER ING*L I M E* 
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NlTnT-^ CA2nNLR -72H0U6- - 

Itt'l DISPOSAL ■:f S'"»iaG^ SLiJTCF: III. Thf rrym f^ sn u NITrate. 
■JIT^A rr CA20NLP - 7 2BCO 1 3- - 

PL^M i\UTOirNT<' AS WATF^ PnLLUTA'IT). *■: ! Tpn-;^K;(.f; j tw A T F * 
IIT'3\Tr CA3nNLR -72BC069- - 

S=/ilGr <;L'inGE AS / FFwrici^pf^. ^Nl ryn(,-'.;»nH'l^,PH'":mji*P.MASSI UM*&MMn»i ! ijm*^[ tp fT c* 
NITMTr rA2nNLP -72f^0ia3- - 

TM- P'iMFvi"G i'-^'^FC'" IF OlFFPf^F'-T 'HT^^p^'^S ' >" S ""W A'".'= -W.'t rj TRTATMENT IN ' 'IV^ S T IG A T J n^ <; Of 'IFpilN SlNil SOIL. *IR 
■=- IG'-T I J'K'SP''. I 'KL"- P"F) n'in*FM'-''Ji W*LF'^rHI"''.*''!l "'■■'Glf' ■ ■ ' T' A TF * A f^^^CN I U^**f'H^Sf''■|t■*'"IS* PPT A S S ! MM*'" A I C ] : jM*<;'lj) I JM» 
'll^ '' '■ Cfl ""i -Jl P - T?^Q\ 71- - 

th' fTF ^ t If L ''^'i' "1 ^.I'l'^r' T-' o".'" iT'i /• > T r ^■ ■ I'",ai ccf' s i mpn '^r C'A'^i al ^'"ow1|n^(■,|^ ass an'~. •- v ani Ti ^ni l priI 

P ■ F T I ' S, '.rwnMt ^ v-'L Al 11 1/ * TI'V , ,'■ ^ -jl Tf, A Tr th Af'H I ' . 



uPD i':«^ODiii"*snLf=AT»^*rHLnfiin^*fiiCA''BC'VATt* cazcnir -Tjf^oisg- - 

^'^"'F „.,,,, ,.:,,u-.r,« r.' nFM.>, .•.-' ^n..*T,rN n^ Sn L ^VSTFMS F 1. -^^,Tt- TREATMENT, n EACH,-,-"... , T» ME.N, T, . TE.«- 

s.nNPJ''1*ft^S*Cf"LIFr5'-'*aACTet: u»'"JO*t-'n* ca?nNLP. -72602 67- - 

4,T., = .»T,r.. „,,„,„, s,„oy nf v„T„.„AT,n. .r ,„.tSTE, .^..-.n^ nuD.E .On,D TO SHU. .COPnEP. M NC -MANGANE SE-CHROM ,U«..HM 

NTTRIMCATinr ^^^^^^ ^^ .HDITinN ^r cHPP-p. '-A^r-AN-^. ?V:r, M^'^ CHP3MIU- CaMPPUN^S IN .MM^NI F IC M JON AND NITRIFICATION OUR 1 

NO t'lrij^MlCN "F SniL. «Tr.)XI'-*ACRATrn'i* CA20NLP -72R0052- - 

NIT.TMCATrr ,,., CULTURAL .ALMF n. ...M," SLUr^n^. *. ,,p c t, ^..C TI VAT^r*Kl T^HG EN-HnS^Mrj.uS-PnT ASSU.r-*N ITR 1 F IC AT ,0^^^ _ 

NiT.TCic.T,.. ^^^^^^^ ^^ ^^^^^^ ^^^^^^ ^^^^^^ ^^^ .nTRIMCAinN TN Snu. *M TRCOfN^N I TP I MC AT I ON * ^^^^^^^^ .72R012S- - 

NIToinCATl^^' ^^^^^^ ^^ ^^^^^ ^^^^^^ ^^^^^, ^,, .ITRIMC.TIO. I. SOIL. -M . TROG FN*N I TP I MC AT 1 0.* ^^^^^^^ -7200011- - 

NITRI-KATIGN m,tp i F ir ATT ON ChARACT CP I ST I C; 1<^ 50MF SEWAGE ANP INnUST^IAL SLUOGfS. ♦ ACTI VATEO*OIGESTEO*NI TRO 

NITRl=!:rr,nr, ^p.^jlIZPIG CHAU.Ct.M STK^. GF S-^WAO^ SfJDGF. .MTPCCE^*NITRir!rATinN."HaSPHnRUS*PnTASSIUM*CnPPER*ZINC*BORCN*. 

ANG'\NCSF*MnLVBO?INUM* CA20NLR -72B00 72- - 

NIT^IMr.TICN c-'^PA-ATIVE ANALYSIS -F StWAGE SLU'lGE. «., IT Rnr,PN*PHCSOHnPl!S*CGPnER*M NC^SHPON^MANG ANFSE *MOLYBDE NUM*NITR I F 1 C AT I 

nN*Ar,TlvATFn*niGFSTEn* CA20NLR -72B0O71- - 

NITPlFlCATinn ^^^^^^^ ^^^^^^^^ ^^^ ^^^^ I^ppovPMc.iT. *F rv I '^H ^MIT M r ! CA T I nN*F EP T I L I 7." *ACM VA T F n*0 I GE STF O^NI TRnGEN*PHOSPHORUS»Pri 

, TASSIUV* CA20NLP -72*10490- - 

^ NITaiMrrTl':N ^^^^ cnvprSITnM ANT F-tjuZING V^UI- pr SEH«Gr SLUDGE. *N I TRnG6N*PHOSPH0PUS*PaTASSIUM*niGE STEP*ACTI VATED*N1TR 

^ IFICtTllN. CA20NLR -72BOA77- - 

NITRIFICATI- AVMLAMLITY H. NITRHGEN IN S^WAr^ SLU^G^S. * N I ^ R I M C AT IGM * ^^^^^^^ -72B03.6- - 

^^^^'^' P,,TnRS INFLUENCING THF OFSIGN ANn nPtRATlPN PF SHIL SYSTEMS ^PR HASTE TR^ATM^NT. » IE ACMING*N ITRATE*NI T R IT E*AM 

MnN!U"*ABS*rnLrFnRM*[jaCT?PIA*C'n*'^'l"* CA20NL« -7 2B0159- - 

'^^'^'^ .r-THWrSTrpM U-nV-SlTY soil r,.rrHr.LrT .rcLA^Ar^N PRrjEC^. .LEACHING*N1^PATE*NITPITF*N1TRQGEN* -T^BOIM- - 

'''"'"''^ SFWAGF SIUOGE AS A FF^TILIZER. *^4ITR0GE N*PHqSPHnRUS*CONTENT*L IQUi O^CPI ^n*r,RY I NG* cA2nNL^ -72B0159- - 

^''"■'''■'^ ^nuTHUT.TCPM iJMVFrSMY Sn L -JMr.MEr'T P^^tL^M^TIOM PRPJFrT. *L EACH I NG*N ITR AT E-.M T R I T P*N I TR JGEM* ^^^^^^^^_ _ 

''^^'''^•' f.p.rr IF MMT^^r.Trn. "^|- r.H/"iIC A LL V -J-I-Tr.^ /.^n r, , ' ILGG I C ALL Y T^EATEP S'-WAGF HN flELP YIEl^. *NI T R:1G FN*P HQS PHflR 

iiS-PfiTACSIMM* C420NLR -728017*- - 

'^^^'■"'^'"' ,.Mn n.^n-KA, -r linUTr SEWGF -U-lG^! '. T Hf fFF^r.! HN THE GOPHTM, CHF-<ir.AL CGMPPSITION AND IN VlVd '^^I^ESTIBI 

^' l^rnF ^)ASTA;TLun'o<^^SMC.VNoVrV^.^ L. P^FS). *NI TFGGEN-HOSPHnPUS*POTASSIU«*CALCIUM*MAON^ 

'^''■"''^■' s.,,r,c ,r.L;JEM ny.POS^L THPO'JGH r.nn ifmCATI I'.. *crL!Fn^-.LFACHING*NTTRGnFN*PH(;SPHPFUS;MAGNrsnn*CALCnJ-*SnD 

IIIM^PITASSI')^'* CA20NLR -72B0133- - 

'^^^■'^■■■\ nnpirviN'- rpF.rT ■!. nirFE-rNT ■^-THGrS r^F S-^WA'-.r-WATCP TRFATMENT IN I NVf ST I G AT ! 0^;S OF BERLIN SAND SHIL. »IR 

'"'' ■ 1^'^''^^' "- •- - CA^ONLP -7PH0226- - 

*''''''"' MTILIZAM"- ')F IT^MII^ nunGF. .-.MLW^-n^r;,^Y-IT^.^G^N^=SAN :.IFGn* ^^^^^^^^^ -7, ,0227- - 

'■**"^' ^■'' y,^,r -.-rrr.TS ^IF 5"■'^^I^ \|T'>"G-_N IN .nr.H-PAT-- r.r':PSTI''h.. 
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CA?1NL^ -7?B03*.4- - 

NI ?"■""".= ■) -"f ■IT'^'.T ->r \--tP*iSKi ^-Wft':'- SlUUC", 

ri2UNL^ -72802*>^- - 
A(;MCIJLT'id:l i'SAO^ F ,:^A:iC "- Th- T h. ^ --F Z''-Y. »'!I Ti-TG"^ \«Pn(SPH'^t-'iJS*fnTft<;SIiJ«*'" ALC IU''^««4GNE? IUM«IRlN*CHLrRI 
Off.* 

C^^)NLO -72R0108- - 
T f T " Ft f T S T" .' '"^M .\ M Ti- ■'.- t ■; tj hI i'.H '■' ATF "^ [ "i^ S T I "^ ^. "^ I 5 <■ ' I ^S I ON . 

Cfl? 1NL= -T^^O^?*.- - 
na*lSt"'''T ',F vjiiTCT'*"' SAL'^S a:, T'Xif. Si;^^TA'ir'-'S I' T -\'- Si:iL-"L^N''-AN!-1flL ■"C'SYSTf. *MEPCURY*SErfAC-C*FF«TlLlZE 

^.^ r-M '' =il'|nt-,F AS F-f^THI?r^. a\]-r;n. ;(:•■*• P'-r-'SaHP'^ jS-'f^T A S H U"'*!",-* L i" I Lt'l*L':' A "*MAr.'.<: S I M"« C TPP £ p" ! ''PN* 4L ' J" I NUM* H 'JC*fl 
o cr.jirc^fl= I Mv.-t;||j Fi|D«:vflr;r,.* -^ C5 ::* n Il;^4l,■',i CHLLo r,F *Ti~L F"^' • 

CAZONLH -72B03?!- - 
ccrLUFN'' OISPiSAL f'Y J3DH.4TlCi*J. "NiTi-;n'^^« 

CA20NLR -7?BJ'*97- - 
UTILIZ'-Ti^\ riP Nl T3 T.F -J-rr-'T M\ J'f- r r --p r iptr- ^ r'c tht F< 1 '-<;y'iTH'-<; I S IF PonTCi*' p; SECO'^'nARY TOEATMFNT. 

CA?nNLR -72t*OA71- - 

ST'-'F FFFfTS ■''F MTRnr-.FN SHU^F'- "V 0[ftM AN'I Drnpcr5 CjOr^WO IN PHOT- K-,(fjT- 1 ^ Cf ^TFt SniL. *S LUOGE* NE MATODE S • 

CA2JNLP -7280^90- - 

th=^ rQMiosiT 1 c^l Asn Fr^riLiM';". v*l''F tf ^f- 4tr,- slu^^gf. ^r. itr "jgfn* PHnsfHiRUS^PDTASSluHwDlGESTEn* act IVAT PD*NITR 

IFICMION. 

CA2nNLP -72fl0477- - 
AV-" IlAr" II. TTV "<^ MTTir.-^ pi S'''(i'.^ SL'in'-r<:. *M T« I F ICftT Tp^ • 

rA20NlD -7260526- - 

ACTIVAT-n SLUJ^.'": A Nr w SCUPC" Ot^ tpG^MF M'^p-'-^f^. 

CA2nNL^ -72B0536- - 

SriENTirir. ^V^LlJATl■J "F 'jijroi^'jT ^1M''*'T np StWAGE (-"^FlUiNTS WITH PARTICULAP CnNSIOEPMI'lN nF NITROGEN. 

CA20NI c -72Bb'>01- - 

[""-.URAT ir\ ST I'lY 'f ^JITO^f,F^■ h P : - \l 1S^T |l,^ ] <■; c.-.il Tdf^tfCI HIT|- OP I ED S?hAGE SLUDGE." 

CA2nNl'l -72flO'i02- - 

'DISPOSAL GF filMC IPAL WASTP waT F" THROUGH F ]ne?T JPfe JGA^K'N. •P*= NNSYL V AMI A* NI TRCGEN* PHOSPHHRUS* PUT A SS IUM*CALC I 
U"^* 'lAG'^r SI'J■^*M^•J'•,4^|pcc*Ip^^J*^,^'^Dc^'»M0F^■J«'fiLi)M!'lU^'*ZINC♦S0DIUM*SeHaGf * 

CA2DNLR -72B0522- - 
FFKTII "FD A^^ frDTILITY VAL')'- OF S^^a^.E "^LUDGF. -N I TRnGEr;*PHnSPHT»liS*P'::T ASSI UM*&LUM I NUM*CALC IUM*HAGNFS 1UM»MAN 
GflNtSF*snnilJ'-^*nT*'JP)^*CnPPt''*-'lA^I.JM*ZriC'*L'^^ri*f>|i(;;KfL*COBALT*SIILFI)Q*CHPnMIU»'*AR, SFMC*PTR(JN*!Or)I NE*GREASF*L 

rA20NLR -72B0386- - 
tf F^CT IF IRBIGATIC'I WITH S^WA^.E -^rcLDtNT O'j THE YIFLHS H.D E ST ARL I SHHCfjt pF N\riFP GPASS ANH JAPANESE CANE. • 
NITT.'GFN* 

CA21INLR -7280393- - 

PHnSPHr'JS IN S'T'^A'-.F n-^LIUT'-n WAT'^OS SLUf>'".'^S AND FpFUJE^TS. *.^f V I EW*N I TP riGF N* 

CA2nNLR -72R0A45- - 

Tf ST TF JFyflG'^ SLM-">r,f Fqc FFPTILITY A*'T TpxtCITY U: SniLS. *N' I T RCGE N* "H'-S "H(?QUS ' POT A SS I UM* SUL Fl)R» 

CAZnNLR -72R045S- - 

llSr np CHon'-iri" LFATHE^' RFFUS' as ^■rTt<^GP': S^IMctf in THF f "^OTIL IZATir.i; OF PLANTS. 

CA20NLP -72B0073- - 

Fr-,riLi;i"G r.H/.O'fTr^ISTlCS "F c ^ v • -, t Sl'l.'f--. »^lTr -"..r \*M T o J F J r A T K ♦'l"''-<T S PHCU <: * P T A S S 1 UH« C^^ P E ^ • Z I NC * BOP C N« I- 
ANOA* ^'iF*'«n)^yRnFNH'' * 

Ca2nNLP -72R0072- - 

( T'P,' »ATI \/r A'J^I YSI "^ -IF Sf WiG' f I U"i",F. "N ! T '"i;,i. '.a PH CSPHf PU^ «C rr>PFC a ; [ ^r n^rc nN*'-*A* G AM F S"^ *MnL ¥"^0? NUM*N ITR IF 1 CAT] 

r.A2 INLO -72R0071- - 
*rr;yyri.«piTivir ]r f,j l.■^J-rcpTI| [ Trp#;,rT jVATf "'■niGFSTFn*NI TRf 'f- E N*PHi1SPH0R I) S*Pn 



.^AGT SI i|f^,E F'""^ ' ilL mtn '^\/r '!■ ■■■• 
TASS "I'l*^ 



CA^^NLD -72BJ087- - 

Ar APT A-^ I L 1 TY )F SF -,ftuf SLinG^ AS A F^t t ! L 1 7 r •: . ^-Tl ! Vt T f -jB-if .-c ^jp nof^aviir t *r o^,|^^ , j, „^cp #f, j jr -)'-, Er,i« ph.iS PHGi* ' tS*PnT A 

CA? INI D ^ 72^ JOTi- - 

S I- V Ai ^ - F ri 'JF v7 , ffpr ,^ T I , J ^Fps J r ] -, < T lC"iv**' tTijnr-,r « *rin3^PHr"r;it:*f--iT rtSS Hl^" 

- , ^ ,^ f a2^^lL'■ -7?tmi I- - 

D-cjTj- A J- I --i !Mr£Tl 1-, ^,.^^ \'-T-- I^TI-S F S> V.l S'tTGC ^ ^ --, [Nrijc, t l- j /!( SL'inGLS. * AC I I VA T-" r»*0 I f.F ■; TF ^ *M TR n 
r,r :- 'iu.r-,( p.4 ■-> ir^f r •■;., t i ■■*'.:, l r ) |m * -^ r 'n < I , i-^^^'" n"r ^ C« p f 'P r.M* M A^jr.AN'^'" F* VPL VBPF Mir« Z I MC * SMI Flio^.o,)'^ 
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•JITR )3<" J 

MTB K.C'y 

NITRJiCN 

NiTJi IGEN 
NITPn';F»j 

NITP V;PN 

M-ir«IC4LLY 

hjtJTOIPNT 
NUTR1 f NT 
N'JTSIFNT 

NUTRIENT 
NUTRIF'IT 

NiJTHIF-iT 

NMTP.IfNTS 
Nl)T^IF'^T« 
NtJTP I^^NTS 

Nir^.T7NTS 
«*UTKl TIQN 
MUTAI Tint 

TATS 



CA?f;NLR - 72ROOO'J- - 
VtLUE PF Linu-n DI-. = ST-n cc^Ar.r m HG- .2. -'XP-fr'rUS TN "YFG^ASS IN SOgTHPftST TNr.i ftsr CnMP*»lN'-. SLUDGE -ITH 

r^Uimh-'^ Slt'>'»LYTN'-, fomvAL^NT MTPTOFM. PM-St>HTiUS 4V0 WATfP. rAZONLP -72BC0?2- - 

THr UTILWATMN OP SEWA^.c su-nr.F r^ Fu^TlLIZf''. *M TP r...rN* p^,CS OHORMS-P IT A SS lU'.- C V t F W ^^^_^^^^^ -72^0123- - 
WITE" VJiLYSIS. *A-iyLYTICiL*'^"TALS*Haf"f!FSS*MTPnr=r.T,n.n.»B.n.D.* CA2fJNLR -72«0122- - 

Tr=,TMF-lT n. S'.PPP-nTA'.TS 4Nn UOUmS ASSnrMT^n WTH SLUPGt TRFAT^^ENT. •*"*"^*^I'*'*«*S- ^•^;;^-;';''-!^ JJ^^^^^*. 
rpFFCT IF nRIFO SEWA-.F UU^r.c :-, ^,I TRI F IC 4T nr; IN SOIL. *Nl TOf GEN*'Jl TP! r I CM 1 CN« ct20NLR -72S00*9- - 

HUGE AVO FUPaOW ini-i:) waste 01S^:1SAL I^ r.OBTHrPr LATir.jnF. *SPRINKL'=R*Fl.non*RIDGF-FURR0WNITROG6N*PHnSPHaR.lS 

* CA2rNLP -7280069- - 

SEWAGE SIMPGE AS/ PERTRIZFR. .NI T. :!GFM«PHnSPH0PNS*PnTAS5 IU«*AMHriMl UH*NI TR ATE* CA2nNLR -72B0092- - 

AGPIC-JLTUPAL VALU- OF SFvjAG- SI 000^ . * . , OFS TF n* AG T I V AT F O.N I T R HG EN*PHaSPHO^US*POT ASS IU«*N UR mC AT IQN.^^ ^^_ _ 
RFTURNING WASTES Tn THF LA^iD, A P^Li FO^ AGRirULTURT. .D0RCN*SaDIUM*P0T4SS IUH*MAGNFSIUM*CALC IUM*N I TROGEN^PHOSP 

H0RUS*SJlFrjR*CHLnRinE*LE4CHlN^,*F'=FL'IE-T*REVI'^W* CA2']hLR -72B0033- - 

PLANT NUTR!«^NTS AS HAT = '» PPLLUTANT?. •N1TPCGFN*N TTRAT c * CA2nNLP -7280^40- - 

ACMCULTURAl BENEFITS CNP E NV IRINM^NT AL CHANGES RESULTING FRCH THE •JS'^ HF PIGFSTEP SFWAGF SLUDGE HN FIELD CROP 
S. *MlTR0GEN*PM0SPH'?ouS*PnTASSIUf**CHfin!-IUf*C4nMruy*COPPER«LFAD*MANGANFSF*NICKEL*ZlN*C0LIFORM*VIRUS* 

C A20NL R "^ f 2d05 1^~ 
pnPULATICN OESCTPTION HF THE NIN-WETHANOGEN IC PHASE nF ANAEROBIC niGESTIDN- I ISflLATION, CHARACTERIZATION AND 
IDENTI'=!CftTION flF NUHFPICALLY IIPHPTANT BAfTEOIA. . CA20NLR -72B0536- - 

SflFNTIFir EVALUATIHN OF NUTRIFNT «:iNT = NT fiF S-^WAGF EFFLUENTS WITH PARTICULAR CONS I PFP AT I ON OF NITROGEN. 

C « 20 ML " ~ 7 toO^ f 2* ^ 

WJTRI-^NT RFMOVAL FROM ENRICHED HA^TE AFFLUENT hY THE HVOFOPONIC CULTURF OF COHL SEASON ^«*SSES. 

CAZuNLK " t £i^\}S£*t~ ~ 

TRANSPHPT OF NUTRIFNT SALTS ANH TOXIC SUBSTANCES IN THE SUI L-PL ANT-4NI 1AL ECOSYSTEM. ♦HERCURY*SEH4GE*FFRT IL IZE 

R.PHCSPHCPUS*NTTROGPN*SLUr>GF* ^^^^^^^ -72B0361- - 

HMILORGANITE" AS A SOURCE OF MINOP NUT7IFNT ELEMENTS FOP PLANTS. »BnRnN*CnPPFR*HANGANESE*Z INC* 

CA20NLR — 72B02 37— — 
WATER ANP NUTRIENT BALANCE OF A paSTUP^ ON 4 I 1 GHT SOU IPPIGATED WITH MUNICIPAL SEWAGE, BASED ON LYSIMETRIC E 

'^•"^^^^'^'*^'^- CA2GNLR -7280175- - 

PESPIPATPRY PELATllNS IF A SYMBIOTIC ALGAI -lAf TEP 1 it r.ULTUPE rr,a. hASTF HA'-FR NUTRIENT REMUVAL. "AC TI VftTE0*SLUO 
GF*CHLnRELLA*SEWAGF*TRFATMrNT* 



CA2aNLR -72B0238- - 
CA2nNLR -72B0033- - 



LIQUID DIGESTED SFWAGF SLUOOt GIV^S FIFLD CRons NFf^SSftPY NUTpIFNTS. 

PIAMT NilTt'ltNTS as WAT-P P0LLUT4NTS. *M TPPG? N*r' IT p AT E * 

CA2aNLR -7?flOOS9- - 

PF irUrTI'"; IF SMALL GRAINS PASTHRF FOFACE USI^G SFWAGF EFFLUENT AS A SOUPC TF IRRIGATION MATER AND PLANT NUTR 

lENTS. 



CA20NLR -7?ft0091- - 
(A2nNLR -72801 3S- - 



CITY SfvftnF FHO IP^ir.ATIrlN ANO PLf'T I|i ITP T EflT S .. 

EFFFrrS OF CHHO^'IUM nrj CRr>JTH dNL) '^IN[wAl ^||TFIT1■^N TF SllY^lEANS. 

C42nNLP -72B05D8- - 
HI'^L I1GPAPHV '^F ofF'^w-NCrS TO TH-^ I ITEft/iTUf "^ T'lf MIN"^^ FLFM<=NTS ANO THFIi* pfiATIO^ TO PLANT AND ANIMAL NUTR 

I T nN . 

rA2(NlR -7?'^0140- - 

SrwAUr IPPIIiATl-lN I^' T^XA*:. ♦IR A I '■ S*C QT T ■ '^!* 4L >" Al F A«'"C'-' AGF* NHT^»r I TP 1 1S 

fA?nM'-> -7>tl,-J()q2- - 
FfprfT ''F CITY ^'"WAGE EFriU^NT f'\ ^HF y It Lf ''i'' CUAL ITV OF GRAI» Fi "* '»/'M'^Y, T'T<;, AND WHEAT. 
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n(_ 'NT : y; t I ^ ' '*. ^ IT.i S=^V-' . ' I'l ■' f " ■" ** h=^ L M * '.F' ' JS . •"^1 S*C Ul Tua f •'' '^o 5* 

CA2nNLP -7?SO012- - 
rrcnsflNrr or MAMGAN^S'^iCTPPPfi, ?r', '!"'LV?r<^NMK', ^,^n coral"' ri PHTSPHSTC cforitlZFRS ANJ SFwAGE SHJDGf, 

TAZONLR -72')0377- - 
AOVA'jrE^ r: ^L'lDGf ■r'l^l'O'itL ri fH' OF^IOr-, F'TM nCTO^E^' l. 19'^^, TO FcpaijAt'Y 1, 1960. *0 1 0^ ST K'N^P'JMP I NG*OR Y 1 NG 

Ca2CMR -7Z'?0323- - 
PRHftl ?rS IN SewflGF PCP.MI'JG. •HYGl F^<P»FCf N:'^ics« = n'^AGt*r?ro*'s* 
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OfTUPNlN'- WASTES T" TMr l^NCs ^ ^^\.^. fnP AOR I d. j(. TUR t^. '^ri-lPON* SODI UM*PO TA SS I UM«MAGNES IUM*C ALP I UM*N I TROGFN*PHnSP 

HnRMS"SULFIlP*rHLO0 I nE*Lr ACHINn»FFFL UE^!T*RFVIFW* 

FPi-M "fiLLifTlCN "OEV^NTION TO FPFLU'^NT P(.JSE, ~ 3 0-- 

l^^o rr.ATIi M as ft SFW\GF RFUSr APPLirHTinN. *MYGIEME* ~ ^ *'*' 



P,.,S. 0^ ="tMrNT V. TH. FMT.PC ..TH ,K ^.M^.TEO . > RL . OG^ . OHY. *.. v, F WM «MG*M CN* ^^^^^^^ -72B0083- - 

'*-''^-"' TRr*TMFNT prQuiB.p P9^ SEWAGF -C'.-iFl F0» IP^ICATIfN PU-:PnS^S. C»20NLP -7260*01- - 

«.V.-.7T.Tr)^' ,,,,,, ,,P,^,,, .,. ,LU-K,f M.KE "^SI^L^ .FV^G-.TirN OF .T«tP H,N= SPHIL PANKS. ^^^^^^^ -7260088- - 

"-'"''" 5M^ :if -"APinGP... r,WHS GRANH RA^nS *1^C,J00 KEV^NUE fPU^ OMFD SLUP-iF. ^^^^^^^ -72B0206- - 

**-^^'*'^' SLUCGF r,pftNMLAT,NG PLANT FXPECTCD T1 INf^-ASF PFV<=f'UE. C»20Nl« -7260089- - 

RHEOinOY IF aCTIVA-'Ef' -iLllDSF. CA20NLR -72B0518- - 

OHi/n-iJS ^^.^^^^ ^^ pp^^jl j^^ ,^^_ OISftPPE.'."V.CE r-P CAnr^IUM-INDUCEO PhENO'^ENA ON RHIZT^US JAVANICUS. *IBON*CAnMlUH»TOXlC I 

TY* CA20NLR -72B0178- - 

«I^'JT'^'^5 SrHLUSSrOLGEP^riG-N tUS 0^^■ -:Rr,.nKn SS EN DF^' HFIT^ArF DFS SCHWFPPUNKTHEFTES ASWASSERSCHL AMNVERWFP TUNG RIBUTIONS 

TO THF CR'triAL ISSi'c —US? nr SFW^r.^ SL'lOG^ , CA2QNLR -72800*9- - 

'*»^- PIOGE A.n FURPHH tlQUlD WASTE DISPOSAL !N MGRT.r«N LATITUDE. *SPMNKLF«*FLOOO*RI DGE-FURPOWNITRDGEN.PHOSPHORUS 

• CAZONlR -72800*9- - 
"IO-,F ^^^^^ ^^^ ^^^^^^^ ^^^,^,^ ^^^^, o.S'^nS.L !N NHPTHrR. uATITUHF. *SPB IHKLEP.FLOOO.R 1 DCE-FURROWNl TROGEN* PHOSPHORUS 

♦ CA20NLR -72B0546- - 
'*^^*^' LANn niS^'OSAL HF .CTIVATEC SUHG. .T S^N HA»CnS. TEXAS. « I DGE-FUPPOH* ^^^^^^^ -7260357- - 
BIESFLHUniGKMT ^^^ ^ ^ ^ ^^ ^ ^^ ^^^ ^^^ UBSACHEN HtP R I FS^LMNDIGKF IT VON ^OPEN (CAUSFS HF SEWAGE SICKNESS IN SOILS). ♦IRON^MNCCO 

PPE=5*TnXKITY*ryftNlDE«l.tME*rYa-nMinE» CA2nNLP -72B0230- - 

"'^^'^^' CHNCFNTPATION HF ^ DIG-^STFO SLUDG^ 8Y A PINSI^.G MFTHCD AND CCNniinNS ^HR ITS USE. ^^^^^^^ -72B0**9- - 

'''"'-'''' HCT GEBRUIK V^N RIUOLSLIB AL S ^ESTSTor , THF US^ Of SEWAGE SLUOG^ AS FFPTILIZER). ^^^^^^^ -7260166- - 

* '*'^"' FrpTILlTY OR POLLUTION. *SOI L*RI V^^' ♦CLF ANH NESS^ SEW AGE* CA20NIR -7260257- - 

I f IL-lir.ZP CALCROrZM- RPLNIC;'= UYKOR ZYSTAN 1 r ^CIpkh-v (YrAP-RHUNP UTILIZATinN OF SEWAGE FOR AGRICULTURAL PURPOSES). ♦POLAN 

, D*FnREST*SLUDGE* CA20NLR -7260051- - 

'tl'^MIA ^^^ ^^^ ^^^ INn;JSTPI*L n.,nn.>CTS ^S F-RTILIZFRS WITH TRACE FLEMFNTS IN ROMANIA. .COP ALT* I PON*MANG ANE SE*CONTE NT*L 

^An*ZIMC*CnpoER*SiJLFUP* CA2QNtB -7290527- - 

''^" APSOPPTION ANO TPANSLir&Tir^ HF ^^^^^tUU V!PnSfcS CY PLANTS. !.SMPVIVAL_riFMnUS_E ^ENCEPHALOMYELITIS AND POLIOH 



!*nnT 

^rviTl JGS 



YELITIS VIRUSES IN SOIL AND PL4NT BOOT PNVIROr^^EM. .PGL I UVI RUS*ENC6PHAL0MYEL ITI S»PH*^^^^^^ -7260*71- - 



,-T,c cpPECTS IP viTPOG'^N SnuRcF ^m rc^^js a^n pcppr^s C=tOWING IN ROOT -KNOT -INFESTED SOIL. •SLUDGE*N6HAT3DES« 
" ■" ~ CA2n^*LR — 72fl008l— — 

rprtCT OF SFW^n-: lopiGATinN ON TM-- pp^WLIty (ir SOPnY-PnOZHL I T LQAMY-SArj^Y SHILS. ^ST RUG TURE«HUMUS* ROOT INGS * 

'^*''-''' „v^,,K, OCSHlAnrZ'^N 7 NAWOPNi=NIF>^ RISL I N UPRAXNYCM MIfJSKIMl WODAMI SCI^KrWYM. SYSTEMEH SMUZNY- I BRUZOOHVM H 

kUi"iC. HPnrL-WSKIM. (PFSULT^ nP TRIALS !^ KA«IFMFC WROCLAHSKI A NP IPPir-.ATION OF CROPS WITH SEWAGE). 
Ki-'H IL'J WMMLL-W5M . \ -.^ut . CA20NLP -7260302- - 

"^^^^"^ W^TFPnP nAn\MA MrVLTWiSfT ZA^T,)SO^Ah'^ fOPflnrw KPPALNlANvrH O'-^YCH PO UZYZMANM GLEE P I ASKOHYCH. I I . HPLYW OOP 

fln.,.J VAWZ-'HST I PL"^-1WAM'= 'iSLTN W Vl=iiNKirM P)L 1WYCH ( po FL 1 *1I NARY INVESTIGATIONS ON THE POSSI 

CA?0'41P —7280131- — 

''''■^'•^■"^^''' rif^PAPISPNS rr r.DMYfiu-P -ia-ur-, S'--<^Cr SLUPG^, CNH OTm-o I^GANIC ^I'VMUPES TFST^O ON POTATOES A^P A SUCCEEDING C 

^ '"*- ' ' " C^^rNLR -72R0130- - 

'''^^*^'5^' "* rXf"r-MTS <V ni^^rcT ruMUIflTIV^ "n ^rw-H'^L .rc^TS "F TdwN Rcp.jSF manu^CS flNP SFWAGF SHIOGF AT ROTHAHSTED A 

'■ ' " * CA20HI R -7?P0103- - 

'""'' p,.<.^j^,^^. .ip^/SSr-'V-'-'J^^-'TU-lG— PIN l^AlfTilP r'l? ->ir CAfiZJA'IP IGF A (^WA S ^ ER HM^lP TH AMHl. UNG (SFWAGF P!SP(^<;AL IN FORES 

1PV-; rflCTHPIN v-AP-r:"iMD OlSPHSfl HY \. ^ 'i~} T*- T A T '^F NT) . »rn^ avm* B .0 . P . « IPt> 1 GA Tl ON* 
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RO'JNiO 

SfcLINI FY 

SALMONELLA 

SALH)NELH 

SALHON'^LH 

SALHINELLA 

SALMONeiLA 

SALHl JFLL A 

SALM)NFLLA 

SALHHNFLLA 
SAL'ONf^LL \ 

SAL'-irjPLLA 
SALMf^'^GLLA 

SAL'-'lNi^LLi 
SAL■1^N-LL^ 

SAL nN<-LLl 

S AHU N P L L A 
SAL ^1N''LL \ 
SAL l-^'lf^LL ^ 
S AL II 'JFLL 1 



CA20NLR -7?80338 

Ttr*Isr.HE FPAr-F" riFP GANZJAHcICFN aRUiSSTL A'^TmEHANnLUNC Snwl"^ GANZJAMPIGE *1FWASSERUNG SfMWEPER BOOEN MIT KOM 

HM»m =^N A'lk.'ASSFPN ITFCHNICftL 0'JC<;TnMS cPlMfi^ Wl TM Y"^ AR-B tiDMH LAN'' TDFMMfNT Of SEWAGf EFFLUENT AS HFLL A 

CA20MLR -72B0332- - 
IRR IGAT Ti^N ir Fl'RFST A'- i^A^. IN ft yFAC-poiiMn SErt^G^ '"[S'^-SAL SY5TFM, 

CAZONLR -72B0257- - 
C£LnDnCZ"F PFLMrZ' ^VK'PZY^.t;.:.! L- sCI'Krw ( Yf:ai''-Rr'Uf;(> UTILIZATION OF S^WAG*^ ""no flGRICULTUPAL PURPOSES), •POLAN 
nftF-it, csT«SLljnG'"« 

CA2CNLP -72fl0296- - 
Pf'LE HF ANIMAL WASTFS IN iG'^ I f.HL TIJR i L iftNT 5UK"^P. *H AT CR*PnL LUT I ON* 

rA2rNLR -72B0009- - 
VALUF PF LlOUin PIGFSTrn S'".^^^■F <:luDGF .2. FXPpPIMFNTS n^' CY^GRASS IN SOUTHEAST ENGLAND CHMPAPING SLUDGE WITH 
FERTiLIZF^S <;UPPIVING T QU I V AL "^NT NITRnGFM, OMnS^HntUS AND WAJFR. 



CA20NLR -72B0138- - 

CA20NL'* -7260088- - 

CA20NLR -72B0368- - 

CA20NLP -7280*22- - 



HOW r^AFF IS SLUnnr? *FNTEPIC RftClLLI*5AL^1GNFLLA«SMIGEL tA*rnL IFOPH* 

SALE IF "TftPinnRn" GIV^S GoaNH o^PIDS Sf^T.lOl K-^VPNU? FRTM DRIED SLUOOF, 

THE ErnNOMIC dpfpAOATION AND SALE ]c PlGESTrD SLUDG^ AS rn^MERCIAL FERTILrZERS. 

HATER OU*LITY FROM THE STANOP-^INT HF IRPIGATIC^l. ♦$ CD I UM* fDRGN^ei C AR BDNAT E*S AL IN ITV* 

CA20NLP -7280*19- - 
PATHOGCN SURVIVAL IN C^-^PPSTING MUMTIP^L WASTF-;. •S AL'^ONEL LA*CnL I FOR^-* SHTGEL L A*P AC TER I A*ASCAft I S*E ND4M0EBA* 

CA20NLR -72B0483- - 
SANITARY ASPFCTS CF COMdoSTED S^WAGt ^LUDG^ ANT SAWDUST, *1 AC TEP I A*SAL»10NFLLA*SH IGE LLA*C CL I FORM* 

CA20NLP -7260501- - 
SURVIVAL OF SALMDMELLA TYPHQSA nu^^ING ANAFFHRir. DIGESTICN. •COL I FOPM*BACT FR I A* 

CA20NLP -7260487- - 
ISHLATIIN OF ENTFBIC VIRUSFS AND $^L^':^'FLLA F^IM SFWACE. *POL ia*CDXSftCK I E*E CHO*COL I Fn?H*ENTEROCOCCI • 

CA20NLR -7280458- - 
DISPOSAL CF CFWATFRFD FRESH SEWAG"^ SLUDGE. COL I FCPM^SAL ^O^JELL A^BACTER IA*LIME*ALUM*PH* 

CA20NLP -72B0349- - 
CONTAMINATION DF VEGETAflLFS GPnwN IN PHLLUTpn SIIL: I, HACTERIAL CPNTAMI NATIPN. ♦COLIFORM*SHIGFLLA*SALMaNELL A* 

CA20NLR -7260358- - 
INVESTIGATIONS DN THE <;odfaD ^F RACTERIA CAUSED «IY IRRIGATION WITH HASTE HATER. •VEGETABL ES*COL I FORM«SALMONFLL 
A* 

CA2QNLR -7260297- - 
BACTERIDL IGICAL STtJDY If IRPIGSTTo V^GETABLfS. *CnL I FnPf**S ALMPNELLA^ENTFROCOCC I* 

CA20NLR -7280309 

enOENHYGIFNISCHF UNTFR$UCHUNGFN IN ABW A SS f R VECUE RTUNGSGEHI ET EN { SO fL-HYGI EMC STUDIES IN SFHAGE-OI SPOSAL AREAS 
1. *BACTFR IA*?AL'^ONFLLA*IRPIGATI ^N* 

CA20NLR -7280325- - 

CHMPOSTING DPHATFDFD ST-'AGF SLUn"."^, *L I "^F *rE P-? I C CHL po IP F«S AL MON EL L A* ASC ARI S*POl lOV IRUS*C AND IDA *VIR US*YE4STS* 

CA20NLR -7260306- - 
INFECTIPN OF VEGETABLES BY APPLICATICN OF nCMP^TIC SEWAGE AS ARTIFICIAL RAIN. *COLI FORM*SALHONELLA*veGFTABLES* 
FRUIT* 

CA2CNLR -7280105- - 

SALMONFLL'^ IN TRRIGATinri WAT^r. 

CA20NL'' -7260101- - 
rFFFrrivrN'-SS ->F HIGH PH rni* riFS ToilCT ION HF PAUfGENS IN =AH SlUDGF FILTER CAKE. * BAP TER I A*S AL MflNELLA TVPHOSA* 

I IMf:*nL!FPCM* 

CA2CNLR -72fl0l08- - 

TH-^ I5DTr,ATin'J nF TotlFK CR^PS WITH SFWAG"^ COf.-r '"] \AJl D WATEP. * SAL IPNFLL A*T YPHUS* AMOEBA* ASC AR I S* hEL M I NTHS • 

CA20NLO -72B0109- - 
STuniFS 'IN TI-F USF PF s-^WAGF fFFLU'^NT c,-)p IRRIO'TIIM F ^P TpuCK CP^PS. *S AL IONFL I A*A SC AP | S^ENC AMOEBA COLI* 

CA20NLP -72B0106- - 
OUfiNT iT/i -■! vF ':STTM«TI^^j nF SAL'^TNFLLA IN' f t- U I ,'•,,• t I ■ )K: WATFF. 

CA7nNlR -7ZR013a- - 

'f^iJ '^.l' IS Sinnrr? ^rMT=:c-]r P:'''LLl*!^''LMr';rLL.*''SH[GFLIA*PnLIFnRH* 

CA?nf'Lo -72hOI?7- - 

rt- sr,.SD';- T '■I'-. ^^^%^^^:. T RitlLH '^^IL^., "-liC T fl^' I A*rnL [ r 'lO'i-^ c,; , ^r,..r (_ | « . <;h I G^ L L '.* nf f ""^ Yl V AMI A* 



SAL 4-'iELl i 
SftLT 

<;alt 

SALT 
SALT 

SAII". 

SALTi 
S4LTS 

SALT -, 

SALWf'f 

SALtf^r.-^ 

SAMPLING 

SAN ) 
"iAJ ) 
SANn 

%%■*-) f 

»ANiy 
SA'JI TARY 
SA-JIT\RY 

SA'M rA^<v 
SA'IT -[ 

SATI'".'';'T'"V 

SAirO liT 



CAZONL" -72B02?S- " 

A siFVEv ^F thf oiTH-ir,-:Mc .p-iivr-'is f •> ^Fi TiTHic 3v ^ :•: cc^pnsTs ano s?wagp sludge. •coiifcrm*bacter ia^sal** 

r-i^Lt A*v I 'US * 



CA2nMLR -72B0213- - 
CA20NLP -72fl02l* 



Sn^e fF = FCTS n^ mIT.m S^LT CONCEf.-Tos ti'--.^ J^, ACTTV^Tc^ SLUD'".f. 

S':OU'^"TIiL SIJ^STOflTL E'-^nVAi "Y ^r■T(vST'-^ SLU^r.'- fFTPP £ ( Ht\r.^ IN S AL ^ Cr^.Ce^;T B AT I PN , 

CA20NLB -7260366- - 

•'iranmai p^l^asf '^c <^n,unLC onr,5nH^T": IN fN irTlVflTFC SLUOGE PVV ! nON*<5N T , *TnX I C*t LCOHOL* SULPH ATE*S ALT • 

CA20NLP -72flO*42- - 

SALT ACr-'MULATICN l\ CLAY ^.LATT ^\ SE-^r OF SL'irJGP. * FF" T IL I ? E"* STI L* 

CA20NL'* -72BOA51- - 
HA'"SfBuUTfci|',TE°Slir,H''*:r,CN V^r pn-iS ' -J KL LF ^' ftP^'SS'^"^' *■ 'JP '^ I € 4" H ASS EBL A^ DB6HA NPLUNG (STIfllFS OH WATER OUALITV 
nr I'lpUSTIlAL SrwAG"^ III THE. lK.HT uF SE^'Ar,= DISPOSAL «Y LANH TREAT'IFNT. *MUNGAB Y*S0DI UM* SALT S* 

CA70NLR -7290**1- - 
FFFFCTS OF U<:iNG LAGnONEn S^^WAjF rFFLTNT D'l '^'iP'ILrKn. *e 'iPrN*T HX I f. ITV* SALTS* 

CA20NL'' -72B032*- - 
TPANSPIfT nF vjirTOjcfiT 54LTS 4'n T^xTC 3U6STA"C'^S !► THE S n| L-PL /NT-AN 1 MAL ECOSVSTFM, *HER Cll« V*S EHAGE^FEP T IL I ZE 
P*PHOSPHCP'IS*NITRCi''.FN*SLi.ir>G'^» 

CA20NLR -72B0027- - 

TtlXIflTV PF CHCiMpPM SiLT<: I ^' tr«^LlTlT' TH ■■• j c 7'i-np Ofl-^j I s^'S PESPTNSIftLE t^HR PURIFICATION. 

CA20NLR -72B03*3- - 

?ALVt3F FPnM SFWAGE7 

CA20NLR -72R0362- - 
SALVaOF PP SFWAG^: FINAL PFPH^T QF THE JOINT CCM^^ITTFE OF THE SANITARY ENGINEERING DIVISION ANC THE IRRIGATION 
niVI S! IN. *FFtJTILIZE'^*IB'^ IGAT jr:N* 

CA20NLR -72Bpl 18- - 
pcFCfT -IF CUPDKE "LftTING W ft S T r S n") WARSAW. INnlAN^, ^iEWAG"^ TREATMENT PLANT. « SLUDG^^CHROMI UM*V AR I AR !L IT Y*S AMPL 

ING* 

CA2nNL'' -72B0015- - 

EFFECTS 'ir riRr,4f>jic A-^F'jnMFNTS nr-] ■^(\\r,ftK> c<; f TOXICITY I ■■! PHTftTCFS AS MEASUBEH RY SAfD AND SOIL CULTURE STUDIES. 

CA20NI « -72B01"37- - 
SEPTIC TANK E'^PLUFNT PFPCHLATIIM TIPTUGH 5.AN0 'r;rifR LAnOfiiTCRY CCHniTinNS. 

CA20NLR -7260183- - 
THE PIJBIFYU'G f^FFECT OF niFPCcpriT ■l^TH'^nS Of S'. W AG ■= - HAT cp TREATMENT IN INVESTIGATIONS OF BERLIN SAND SOIL. ♦IR 
RTCVT ION*<^PP INKLFH*FLP:in*FMppiW*LFACHIUG*NlTRnnEN*NITP ATF*AKHnNIUf^*PHCSPH0RUS*PnTASSIllH*CALCIUM«S00 1UM* 

CAZONIR -72B0181- - 
FU'JFJAHP IG"- F9Rr=lMS''.F E I » F S V "GL ■= I CHf^ NOF »" p ^L D V^ t-' SUCHS MIT ARWA SS ERF AULSCHL AMMEN » STALLIIST l»ND MINERALDUNGU 
NG UK. ';ANnpnpFM (p<=SULTS 'IF ^ CO^'PAPATIVE ^^ I ^ L T" T^ST P VE =! FIVE Y*^A«S WITH PIGESTEO SEWAGE SLUDGE. FAR" YAR 

CA20NLR -72fl0l82- - 
EFFECT PF niFFFPFNT C'I)topfyING WAi^rr-w^TE^ SU'^G*^ APPLICATIPNS ON THE WAT Fp- STQP AGE CAPACITY AND YIELD OF A SA 
Nr*Y SPTL. 

CA20NLR -72B0081- - 
EFFECT PF SFWAGF IPP!GATI^^1 IN ThF FF^TRITY OF S nPY-PPD^PL 1 C LOAMY-SANDY SOILS. •STRUCTURE*HUHUS*ROOT INGS» 

CA20NLR -72B0193- - 
THE W-'^/IL^'^ pt^ ■^AMITfl^Y ^^Z) HYGIt^'tlC IN VE S T I G,' T 1 ]■>!$ IF flSI'KHA^AP SEWAGE FARMS. *CnL I FOPM*HEL ^ I NTHS*PAP A SI TE S* 

CAZOhlR -T2B0362- - 
r.ALVAGP 'IP SF-JAr.r; rjM^L P-I'IOT 'T" THT J'llMT '',ivMnfr pF THE SerMTAOY E^tGI NF EH ! NG HIVISIDN AND THE IRaif;ATinN 
OIVISI IN. •FFf^TU17rp*i(ii«ir,MTPN* 

CA2nNLP -7280*83- - 
S/flTAry ASPF'"TS CE r C"' P'"'ST r ■- S'^W^■■." ■"LU'^'".' ^'l" S M-'OUST , "T AC T E P p* * $ AL MHNt L L A*ShI GF LI A*CnL I FPF " * 

CA20NLP -72B0070- - 
Vl^US CTNTfrt fT Ttu S^NT»F, TALIf. pcpJFCT. ''^^,LlF^|;^■♦3T^-FPTl^C^C^I*BACTEn!A*SFWAGF*EPF■LUFNT*P.FCRFATI^^•R€^VIa 
1IS*0'"L l"Vr-'i!<:*rririV ItJln:*' •r-'-'; IVT PU^^ 

CA20NLP -72R0b6'>- - 
ir TI VAT: '■■ <;H)1G" ''■ S A T I S^ir T WV i^ ' >T 1 1 I Z E -J, . 

CA20NLP -7?HO*B3- - 
S'."IT',ct' A'^.PFrT'^. '"'" f (viP'l5T .""' ■^"w^"■,-" rLnnr,'; a"'! SiwOu'^.t. »flAC Tfr i a*$al I^nf l L A'SHIGi^LL a+C^L I f^'^*;*'* 

CA?PM F- -7?R0?l<)- - 
"iiil I 'LriK r 1 ' rf -^ff; I A'l.-iy jRT ,{- 'IC.'" T| r ,.f yr-^f- f T|,..i, v.if. ,'.IJS'"." F ^' IL TF N S CHL ^ "vr -j ( p nj ^ [ n ( |_ j y I ES fC^ Af W | CUI T'iM AL 'J 

Tiii/a''!''! ''F r '">'"' '■\T "'• Si Ml,' I, 



Cft?CMP -72B01 76- - 

CA20NLfi -72R0132- - 

CA20NIP -72fl0338- - 
TPrM'ISC''" f'.G'^N -"'"^ -.A-l?ja Itrr,"- . jflyASS ^M t'l'>»-Hfl' PL UNG '^Hl^ GANZJAHPir.F P^rtASS^CUNC SCHWFPfR flODEN MIT KO** 
MMMsirr,. A^^ASS'^fi (T^CHMriL m=STI'-NS tiatKi '^ITm YfA'-POUNR LAND TPfATMENT TF SEWAGF F<=FLUFNT AS rfELl » 

C420MLP -72B0336- - 
-il-- '4&f Hi^I^^UNO V^\ S<^1^r^'■c•^F^Ml^^n\CF^■> AB^ASSEP-KLaPSrui.AMM INEINPM CELlV^PSiXH ITH? 4F T FB-"^ =F FC T OF THf TRE 
ATET SLifrX."^ 'IF WASTE VsATE!'- rT'MNI^'j HPAVY ■^ = TAL !N A FIELP TEST). 

CApCNL^l -7260178- - 
SrMLHSS'^"'lf.FP'J». '■.'=' AUS nt»' ci^r.r<*-ji-,^ FM icp srjTRftrc d = s St HWEPOUNKThEFTES A-^WASSFP SCHL A^'HVF BWFPTUNG <IIBUTI0NS 

Tn THE CPMflAL ISS'Jf — MSt 'I'' SCwAOE «.l M!)",'^ ) . „„,,, 

CA20NtF' -72B0257- - 

CALHR^riNE RTLNirZ'^ WYf^oZYSTAV I =^ SCIFkOW ( YF AO-RCju'ID HTRIZATiaN OF SFWAGf FCR «GRICULTURAL PURPOSES). •POLAN 

n*FnPFST»SLUnGF* , ,.^ 

CA20NLR -72fl0255- - 

WYMKI nnSwiAXZ-^N Z N^ WQnvi "^NI Fr ^^SLI^ 'jo^A.-'-lYC ' 'MFJSKT-I W?rftH! SC1«=K1WYMI SYSTPMEM SmuZMYM I RRiiZOOWYM W 

KAHItNClI WPOCLA^fSKIM. {B'=SULTS n*^ TOMLS IN KA MI F N I FC HROCL AHSK I AND IPPtGATION OF CROPS WITH SEWAGE). 

CA2CNLfl -72B04T2 

NUTRIENT PCMOVAL F»nM FN^IChp? WAST- fpFL'IF'iT '*V thF HYD^poONIC CULTUPT OF COOL SEASHN GRASSES. 

CA20NLP -72B0059- - 

PAfTERML ':':^^AM!^'ATI^JN 'JF S'HL A'lO VFCeTAPLES 0*1 FIELDS AFTFP SEASONAL SEHAGE IPPIGATION IN THE SOUTHERN UKRA 

INP. *CClIFntlM* 

I CA2aNi.R -72fl0050- - 

LANO DISPHSAL PF S^^HAGP SLUH'-.F : IT. THF F'=frCT HN SOIL PH, HN, ZN, ANH GROWTH ANfl CHEMICAL CO*"POSITION OF RYE 
(SECALE CEPt^ALE L, t . 
SFnH=NTS - CA2CNLP -72B0205- - 

rurwiCftL TN^pTSITl V' 'IF onTftTnpf^ ".cnwN HN F Ifi. IS FcpTRIZFO UITH SEWAGF SEHI^'FNTS. 
00 5Fri CA20NLP -72R0301- - 

r_FPfrj HP ALUMINUM /*Nn MANGANCSr m 5*^50 Cr'^MINATIlN ANCI S-Fr»LIWG GROWTH CF DIFFERENT TYPES OF TREES. 
^g-,LiNr, CA20Ni.R -72B0301- - 

EFFECT TF ALUMINUM ANO ♦'ANCANPSf 'I'J 5"Ln .~,F c-H INA TI ON AND S'^FDLIKG GROWTH OF OIFFFRFNT TYPES OF TREES. 
SPLLS CA20NLR -72B01B7- - 

HOW HME CITY SFLL*^ ITS SLUDCP. •d'^I'".FS* 
jcpTir CA20NLR -72B0197- - 

StPTIC T^^K EFFHIFMT PTRCCL AT in^i TH?OMIjH S^Ma '(Nn:P LAOrPATHPY ccNnmnfcjs. 
SEQJENTIflL CA20NLP -7280214- - 

S'^OMFNTIAL SU9STPATF REMOVAL RY ^CTIVATro SI OIU.F AFTPP A CHAN^;'^ IN SALT CTNCF NTRATITN. 
SHIGFLIA CA20NLR -72B0138- - 

Hrw SAFE I<; SLHno*^? •fntFRIC 3ACI1 LI*5AL'«0NFLLA*SHir,rLIA*CnLIFOBM* 
SHI-JFLIA CA2nNLR -7290137 

TPiNS^OOTING WASTES TP 3UIL0 SOILS. *BArT FP I A*CnL !FnRM*SALM INFlL A^SHlG'f LLA*PENNSYLVANI A* 
SHI'.^LLA CA20NLR -72B0S10 

THT SURVIVAL 0" SHlGFLLA IN S-WftG'^. I. AN FFFrfT ''■f- SFWAG^ AND FFCAL SUSPENSICNS CN SHIGELLA FLEXNERI. *8ACTER 
lA* 
SHIG-LLA CA20NLR -72B0510- - 

TH' SiPVIVAL T^ SHI'.iLLA IN S WA.', I. a^ t^-F^rT 'F Si'WAGF AND FrCAL SlISPFMSICNS ON SHIGELLA FLEXNERI. •BACTER 

SH!'-,-LL^ CA20NLR -72B0418- - 

f f T^iior N S')OVTVAL ''! r ' iPrS T I \ . 1M\| I C I F' AL V AST^ '^. » <;a L -^l ^'F L LA tf CL ! FOR^-bSHI CF L L ' *P AC T FR I A» AS CAP I S*E NPAMJEBA • 
SHIOCLLA CA2aNLP -72^0463- - 

SA'iIT^(lY ASPFCTS PF r-^iooSTE,, M -('iir ^LUr-O^ AN"> S'-WOLSl. ^'lACTFC] A*SAI HnNELLA*SHIG^LL**CCl IFOFM* 
-,H1 / LI > Cfl20Nl« -72B0349- - 

C '■iTA'-riJ' Tl If, "F \'<^r.f:T\^i[ S <~,^nw<. I -l ''"ILUT'L -^'ill : l. '-^trTt=R If^l contamination. *CGI IFnP»;*SHlCFLLA»SAL hdnf lla* 
SK (T CA20NLR -72R0I70- - 

?irM 571 -i| '.(I'lr.^fFF-^ T ''' " ifi^ASSF °L '.Nf;^'-^^ 'jf LUN". I'l HI ^L '^'.I SCH-HYC I EN I SC**? t^ SICHT { » I DLOG I CO-HVG I E N T C ASP'^CTS 
F P'lr ! r ir M j.-'j rpF If I'. ■ C Y I "' ^ ' ■ihr - PHpr-;^ i\|_ uv i *.>;' Tf-' f AT '1*'N T ) . a-- riL I F PR v» | p jc I" *'P-* 
ilC. I-SS CApriNLP -72flO"*S7- - 

ri'i n;:iT^"-, ZIJ"^ "•'"l U^'.^Pi-"-' "•' -' ' I '" S " L *n Tl ".Kr ! T Vir4 '^'i^ft-- (CAUSES OF SFwAnr SKKM^SS I'l Sf'tL*^). ^ T « IN* Z I NC «C0 
not -; ■-■"' V 1 r I TY*r v.*. :' lit «i_ j ^^ ^r y* jwi'^-c 



Ln 



S"" *l ISSF^LG=''il'.';r\ 

scmus 

SCHV'^'-'* 

SCH4"l- MiT\LLH(LTK?'' 

Sr'U'^^'CJKTHCFT^S 

SCI?<C< 

SCIP<CWYMI 

SE«;iN 
SEASINU 

SCCALF 



■t; 



SIMilt4TI - -J 
SLID'iF 

SOTI iA 

sni J 4 
soni'jM 

S.WHH 

soniijM 
snni J ^ 

STL 



CAZrHL" -7280208- - 

T(iCe fLf-FNT<l I»! S^WA-.f^ <L'J'-«;r. * 7 [ NC * f HPH" P IMT. T "E = •N ICK FL •! IN* S I L V ?P * R! SMUTM.L F / D*MANG4N^ SE -VAN ADI UM*nx I C 

""^* CA2GKL'' -72B0469- - 

SO' 



.^^Tl>n,-^^PHTr UNAIVMS Of fil«-nM>^n SEWAOP SL-lf-'-,^. * f LUMl NUM*C ( LC I ' >"M Rf M*Mftr,N f S I "M.T 1 TANI IJH*'^ AR f UM*CnPPE R * •«» 



A STunv nc HASTPWATFR IRPIOA^I^.N THoriir.H Cn^pijlt^B SIKUL^TICN. 

SALT ACCtJMULATinN IN TAAY SLATC ^V SEWeCf <UnO^. •FF RT IL I Z EP •Sn R* 

PFnuCTICN OF OICFSTFO SLUDGE VHL'IM^ Pv CHNTRfLLFT "^ -C IRCUl A TI CN . 

MET GE^RUIK VAN RimiSLl^ AL S MESt-^TOF ( THF UST ^^ SEWAGF SLUHGF AS F^PT I L I ZE-*! . 

CClMPOSITinN ANn FfPTILIZIKG VALU? nc pirp^T'^n SEWAG*; ^LUOOE. 



CA20NLfi -72BO*<t2- - 

CA20NLP -72B0462- - 

CA2nNLR -72B04*g- - 

CAZONLR -72B0**6- - 

CA20NLR -72B0471- - 



^nWF FF^Frrs QF MITOiiG^M S'lUR^F V afftNS AhO pEPPF^s G«0H1NG IN RinT-KNOT- INFESTED SOIL. •SLUCGE^KEMATODES* 
^ CAZnNLP -7?B01^5- - 

CHEMICAL CHANGES IN SFWAGF niJRlNG "FCLAMtTinN HY SPRFAHING. •A*»'ONIUM«LF ACH1NG*NITR ATE*CALC IUM*HAGNFSIUM*PHOSP 

HORiIS*SnClUM*SULFAT€*CHLnRinE*=*ICAPBlNATE« CA2CNLR -728002* 

STUDIES OF HASTE HATER REfLAHATinf ^\i^ l-TIL IZATI or:. *QF VI E W*CALC !UH*MAGNESI UM*SaD! UM*PnTASS HIM*Af"40NIUM»SUlFUR 

♦ NITRATE*flnDnN*rONnuCTIVITY*CAL IFflPNlA* CA20NLB -72B0038- - 

RFTUBNI>*G WASTFS TH THE LAND, A R^LE FpP AGRirULTUPF. .BORON* SOD 1 U"'*PGTA SSI UM*MAGNFS IUM*C ALC IUH*N I TROGEN*PHOSP 

HQRUS*SULFUP*CHL0R1 DE*LF Arm MG*EFFHJENT •REVIEW* ^ . ,„,„ „ ,««n.<L 

SPRAY OISPPSAL OF DOMCSTir WASTrS. * SltD I UH* P A<^TURE* WOnni AMDS* 

CA20NLP — 72B028(>— — 

AN INVESTIGATION OF SEWAGE SPPEAnpjG FN FIVF CALIFORNIA SOILS. *I NF I LTRAT lON*CaL IFORM*CALCIUM»MAGNESIUM*SOniUM 

.OOTASSIUMMPPIGATION* ^^^^^^^ -7280352- - 

THE EFFEfTS OF TRACE ELEMENTS IN ^ME FXHAUSTITN Of S EW AGE- 1 PR I GATED LAND. •F«ANCE*GERHANV*COPPER*Z I NC»TOXICI TY 

*HANr.ANESF*SODIUM*C0RALT*MGLYRTENUM«F>nP':N* 

CA20NLR -7280192- - 

TH"^ SOLUPILITY OF H^AVY 'lETAl HYOPTXIHfS W. HATfo, SEWAGE AND SEWAGE SLUDGF. II!, THE SOLUBILITY OF HEAVY HETA 
LS "PCSFNT IN 'iIGFSTED S^WAG'^ SLUDGF *N 1 CKEL* I RON* ZINC*CDPP ER*SODIUH*PDTASS ! UM*C ALC I UM* 

CA20NLR -72B0161- - 
SEWAGE EFFLUENT DISPOSAL ThR'JM&M CROP IRl'IGATION. *C CL 1 FOF M^LE Af HI NG*NI TRCGEN* PHCSPHORUS*HAGNES IUM*CALC IUH*SOO 

IljM*pnTASSI iJ^"* 

CA20NLR -7280163- - 

THF PUPIFYING FFFFTT nP DIFFFRFNT ^cTHODS Vf Sf W AG E-WA TFR TREATMENT IN I NVE S TIGA T I CNS OF BERLIN SAND SOIL- *IR 
R I GA T I ON* SPP (NKLEO*FL'tOD*FUP4 1W*L'''f HING*NITR0G^N*NITPATE*4t'M0NIUM*PHnSPHnRUS*PaTASSIUM*CALCIUH*SaDlUM* 

CA20NLR -7?B0*69 

SPFCT-'f^GRnoHK ANALYSIS OF AIR-PRl^D SFWAfF SLUnGF. «AL UH I NUM*C ALC I UH* I PGN*MA ONE ST UM*T I TANI UH*B ARIUM*COPPER*HA 
NrA'JFSF *?;(inur"*^l!rK'=L*TIM*V/iNA1IU"«?!Nr*S'LV'^l-*7I'^rnNrjM*eORON*BFPYLLIJH*CHR0MlUM*C0BALT*GALLIUM*HOLY8DENU 

CA2CNLR -7280*51- - 
WA'.SERGUTFip'jTrr.surmJNG'-N VON I NOOS I R I F L LE N AHW/^SSF^N FUR DIE ABW AS5FR L AND6EHANDLUNG (STUDIES ON HATER QUALITY 
OF pnUSTDIAL ^^WAG^ IN TH- L'~.HT 'IF SFWAGE HISPOSAL BY LANH TREATMENT. *HUNGARY*SOO t UM* SAL T S* 

CA20NLR -72B0502- - 
Ql^pn^iL np |-MNKI»AL WASTf WAT^n' THP"jnH FtlP^yST rR«tGATION. *P EMNS YL VANI A *N I TROGEN*PHOSPHOP US*POTA SS I UH*C ALCI 
MM-t-'flG' F<i lMM■*y^NG^"^ESE*l Rn'''*CnooFP* rt'^^r'f4*ALII"r MUf* 'I NC*SGC>I Ut'* SEWAGE* 

CA20NLR -72B0*22- - 
WATco O'jstlTV FROM THE ^TANDPurfT 1^ MpIGATTGN. ♦$ m 1 1 l»'*a()ftON*RI CARBONAT E*SAL IN I T Y* 

CA20NLR -72B0522- - 
Fi-PTUIZEo ^\r, rcpTILITY VALLI- OF SFWA'IF SLUOOF. *N I IP (iGFN*PHOSPHORUS*PCi T ASS I U»4* ALUMI NUM*C ALC I UM*MAGNES (UM*HAN 
G.lNFSF*SOr>ii|M*TiTA'-iIO'>'*r OPP^R-* ^ ^P 1 1) M* Z 1 Nf* I F- An*N I C KFL *CCip AL T*SUL FUP *CHROM I UM* Aft SEN IC*RQRON* 1 00 1 NE*GREASF*L 

CA20NLR -72B0527- - 
AKcrppTir-.) ANn Td - "SL'T A T I IN mF 'I'^-IALIAN VIRUSFS "^Y PLANTS. [. SURVIVAL OF HOUSE ENCEPHALOMYELITIS AND POLIQM 
YFLITI? VIPiJSFS IN Sr-R A^D "LSNT = ^n^ ""NVI RIMMFNT. *POL I OV I PUS*ENC F dhAL O^Y EL IT IS*PH* 



Sin 



sea 
till 



« SDTL 



■"ML 



CA?nNLO -72B0530- - 

CA20NLB -72B0512- - 

■>t .-U( ^;||Il■ I^^,T SM U f ■ S T ■; . <■ " H R y. tTTDP r :j * ( '( N* M AN Oirj cj r ^mrl Y B1)f NUM •Z INC* 

CA2UNLP -7260SI7- - 

CA2rjNL'^ -72B0391- - 

TH. ^;FrCT np cfwA&F SLUHOF 'V- THE PF'-TU'^Y "r S( I L . PiOT 1. (MANORS 'NT'r.ANIC C , C/N. PH, *N0 DIFFERENT FOAM 

C420NLR -7260*32- - 

fFcrr -]r IR« lOMjo-.' with wa":t(-'.;at^r jr' tit w^tip cr-"rf:HY or Tuc <;nfL. 

C420NLR -72B0388- - 
CHfiNG: p c)]i_ ponpfc Tj c^ ^^ ATli-rrp i-, y 1 1 o jf-.t t 1 1 -j htth Hft^T^ WATERS. 

,,^, CA20NLR -7280*13- - 

FFPFCT -ir nqnAMf -I.'.TT^P CUNTeNT nr THf SCIl HN ir'F IL T^AT IGN. 



, , CA2QNLR -72B0479 

LlT^PATilor KEviFw -)., THf GCCUODF-|rc amp SUfVlVfll P«= FrTfpir, PATHnr,FNIC. AND RELATED ORGANI SHS IN SOIL, HATER. 
SFW"-."^, \W SL'jnr.fS, ANO in V = GET"Tinr. n. ANIf*AL PrRASITFS. *E NDAMTEBA^HEL M NTHS*ASCAR I S* 

CA20NLP -72B05O3- - 

PtruhATTTN STijnv np NlTRnCFN "I NfRM t$ AT DN IN SOIL TPEATFD WITH DPIEO SEWAr.r SLUDGE. 

CA20NLR -7260499- - 

EFFFC^S rP TO-^tTMFNT PLANT FFFLUf^T C^ <" T U P^'CPft'TIFS. 

, CA20NLR -72B0494- - 

I^FHtEfiCE "P nTM-^STIC k^ASTFKATFP "5 = TP F A T^f ';T I'K SriL C.LOr.MNG. 

CA20NLR -7280*80 

LlTcaaTuRC C-CVIFW IN THE rrcuP" cNT F ANr> SURVIV\L Of ENTEPIf, PATHOGENIC* AND «FLATIVE QRGANI SMS IN SOUt HATER 
, SFwAGi: A^n SLnDr,!:<i, AW PN VEGFTATr-)N, I. BACTERIAL AND VIRUS DISfAS-^S, •COL I FORM*TyPHOSA*TUBeRCUtOS IS* 

CA20NLR -7280471 

<;nMF CFFE'-TS T^ NTTo?GEN ST.H^CF r^*! R-^.'.NS AN^ PcPoc^S GP^WING IN PCTT-KNCT-INFFSTED SOIL. •SLU0GE*NEMATO0ES* 

^""- CA20NLP -72B0459- - 

SrML I''1D^,-]vt:^'r^'T with p^ Ci.t , CiPrrM^'iSFD ''EFuSE, anh sE'-agF SLUDGF. *rEvI'=H* 

^^*^ CA20NLP -7280442- - 

SALT ACCHMllLATinN IN CLAY SLATF RY SEWAGE UH^f-C. *Fr P T I L I / EP* SCI L * 

^'^^'- CA20NLR -72B0454- - 

D'.VS ANO 1['N»T'S GF USING SL'fnG[ F nR SfllL rrMDITICNING AND FERTILIZING. 

CA20NLR -7280452- - 

SURVIVAL ')'" SFLFf'TFO '^:TFF;I^ MR 0/jk; ; 5 ^.^ j^. vAPinuS TYPE:S !)F SHIL. 

^^"- CA20NLR -7280473- - 

S'iit sYSTffvs "^OR LiQuin WASTE Tt^CATMENT ^^^^> nisons/'L: Fr viponmental factors, 

**'^^^ ' CA20NLP -7280470- - 

TOIL CHF^ifAL CH1NG*^S A NH I NF t L T-", "^ I n-i CiTc c c nnC T I f'N 'JNDf-R SEHAGE SPPFADfNG, 

^''" CA20NLR -72110182 

"^FF-CT }<= "IFF^-PF^^ dijt d "^ FY IN^ w^ST^-;r^=c SLi'TIF APPlICATI^^S '^N thE WAT ER -STRP AGE CAPACITY AND YIELD OF A SA 
'IPY SOIL. 

^''^'- CA20NLH -7280183- - 

THr PKL-iFYIMG F'^'^fCT nr rjjppp^ch.T ^ETHrrs rr SFWArr-HATF= TpEATMENT IN INVESTIGATIONS OF BERLIN SAND SOIL. ♦IR 
■^IG'-TlCNsSPFINKLFP^FLPin^Fjporj*! "^IC H f NG* r: I TP C0 = '| *M T"- A TF* A MMHM u*** PHOS OH OaUS^POTASS IIIH*C ALC IlJM«SOD lUM* 
^'^^ CA20NLR -7280171 

THE -^FrcrT -IF llOliin SLiir^CF 1\ GFf-rT4 ftMn CHi^^'CiL Cn^^CSUnN QF COASTAL RERMUOAGPASS AND RVE AND ON SOIL PRO 
l"-=TI!S. A*»".T!a V'LATU IZATIPN, A^.n MlTC^Tr L-ACtl'.G. 

*"'^- CA20NLR -7280166- - 

F??rTIlITv ,-r n-LL'iTi'-^. *S'DIL"^!V'^'J»CL==''-*Ul''^S'*-S''W»G-» 

^"'-'- CA20NLR -7280159 

yt -u ^>^■^r^Jc:-r ij-t Vt^ si TY sril F^!^I^M•.F^T I. ::rLt".''-' !"•■ pcrjF(^T. *L 6 AC H I NG •'•' I TP A T E •M T R I T E •N I TR OGE N* 

CA20NLR -7280252- - 

'■\- r r^^3^<^lT\ '\ -^ F TMmuo'^lf RY 4 P^NIflLLl"^ SDEEIFS ,\\r- cniL A.|f) S'^ HAG^^- SL'JOGE "ICC^LORA, 

CA20SLP -7260232- - 

f"l'r,-S ' .'C-P"'"HE MCCL ANH RinLn.-jc IL ^""11 cc'in^cTir^ v|-EM Ic^lGfiTKN WITH S^^WAGE IS USED. 

CA2CNLP -7290256- - 

''I-''L?GY "P sr-TL- ^""^'.^ VI^US'^S. 

CflZ'JNL" -72B0229- - 
r- -n i--.-|rT[^" ■•,-. s-iL i-.iLY'-.!'; ^<; aci^tt^t ■-■ v WDHrtT] -js -"F r*'TTL= pF'TLOT -^ASTF. 



OB 



CA20NLP -7?B0246- - 
'1FTAL f ir|TfJI-|«Tl IN OF SOU IN HIPI^N *' ftO -^ t T-i~.At PE r LXr-lPI-lcNT P F $lJt TT "ir, TT" (VO^l I C AT I JN ilF SFHiTjE SLUDGF . "C 
i^4LT«rMR"Mf'I«*rnPf>cp*v.nLY I'^EN'JM^Nl r" 'I *L*'^n*/ I NC* 

CA?n'a.P -72R0Z«2- - 

CA'O^'LO -7?902*.7- - 

ir'-U^AT!"M ST'IIV r.r N 1 T " t ^ I C ^ '^ I ■ N Tf FilG^STc" "^rw/Ti- ':Mlt>r,r A')nrn Tr ST!I-. *r. OP^r R» Z I Nf * Mfl MGANF SF • CHQTM ItJ»'*A « w 

CA?ONLP -7Zt!02'tQ- - 

PK.rST'^n ';twA'",f^ SLUOnf fhp SOIL I ''p^QV^ m^m. 

CA20NIP -7280247- - 

T-^ACE CLf^i'FNT PFWPVAL '^P'lf'' ?;FW^n'= cpFLHrNT RY SHU FILTPATIPN. * I "nrj*** AMGftM "^ S f * Nl CK E L *Ct)PPF R *7 I NC*L F AH'T AOM I DM 
♦ irantl ^|^,'» 

CA?Or;Lft -7210237- - 
W&TFR AND N■JT01f^'T BALA'ICF ^P i P£<TurF flN / l_ir,HT SOU l^iBlGftTPn WITH MUNICIPAL SFWAf.E, BASTO ON LYSIHFTPIC F 

XPF^IMFNTS. 

CA2CNLP -72B037'i- - 

PF =USE-SFWAGE C()*«Pn«;T AS S-T I L AHENDWfMT ANr FroTHIZFt-. 

CA2CINLR -72B0373- - 

EFFECT nf S^HAGf lopiGATn^ np STIL PRHFILFS. 
5niL CA20NLP -72B0363- - 

C^NTAVlNATinN OF Snil ^Y f-,gs 'IF HFL-'llNTHS IN ^'IFinS HF THE CITY HF KEOATNIM I<^RIGATEO WITH WASTE WATFRS, 
,;p,L CA2nNLR -72B03'5fS- - 

FfiCTtlRS TNTLUrNCING THF OFSIGN aNf> QPFOATIPN ^f Sf I L SVSTM'S TIJR W&STF TRF^TMFNT. ♦L E &CHI NG*NI T R AT E*N IT R IT E *AM 
MlNPl*'*aRS*CnL ino~^*BACTFDi fl*fTr)#nnn* 
5,ljL CA20NLR -7200269- - 

HHM riTIt^S ■^ISToiniJTF SLnrr.c iS A SMIL riNniTllNEF. 
50, L CA20NLP. -72B0287- - 

USE OF S'UL LY«;iKrrE-RS [N WASTE WfTFi^ .^FCLflfTn^, STUPIES. *StHAGE* 

CA2nNL0 -7?;^03^8- - 
CIINTfiMIN'TinN ^F VFr,FTAPLF<; GPHWN irj PTLLilTFn smi. n. FIFLC AND CABORAT^RY STUniFS ON ENDAMHEBA CYSTS. •SFWA 
GE* 

CA2CNI.P -72S0319- - 
A NCTF IN THE ^^LATlVt FPFICIFNCY ^F -^FVJlOt, /'MMn^I!|M SULPHATE ANH SUPFR PHOSPHATE CN THE FERTILITY OF THF SOIL 



s.-tii. 

SIU 
SOIL 

SOIL 
SnU 

sniL 

SOIL 
SOIL 



SOIL 

sniL 



-niL CA20NLR -72H03'V5- - 

r[iNTi'MM;«TniN nF VEGrTi^LES GP^Wl IN PnLL'JTrn SHI, V, HrLMINTHK DFCCNT AMI NAT I ON . *ASCAR I S*SEWAGE* 
SIR CA20hLR -72B03A6- - 

TMTAMT-'IATI.tN OF V^r.c T « ^Lt S n^^THN IN r-OLLUT-f- '='111, IV, BACTERIAL HEC'JNTAMTNAT I CN. *CnL I FHRM* S'' WAGE* 
Snic CA20NLP -72B032*- - 

TriNSPr^^T nr NUTPI'N'T ^ALTS ANH TOXIC ^DR'^.TANrfS I^ THf S'M L- PL AN T-ANT '^ AL FCCSYST'^M. *ME RCUR Y*S EW AGE* FERT 1 L I 2 F 
B«pHnSf Hf:J|IS*N! TCur,FN»SLlJOGF* 
S'lli CA20NLR -7?fl0347- - 

C'STAMl |/!TinN riF VF^FTA^LCS GROkvN IN PPLLUTrn S^JIL. 111. FIFLO STimiFS OM ASCARIS EGGS. •HELMINTHS»SE WAGE* 
SOIL CA20NIR -72B0T0q- - 

Rt,')ENHY'nF'>!ISri(F lINTc P ■^UCHMNG"^"'! P ABV--'- CSr r yc Pv,r PTtJNG Sr.Fp I F TE N I SOI L -HYGl "^N I C STUDIES IN S FWAGE- I SPOSAL ARF AS 
) . "^"TTET A»S AL^riN-LL A* I p ! r,* t [r)^[, 
SOIL CA20NL^ -72B0031- - 

S'^IL P F -. P ''N F, <= TH $'.i^4r.= FFFL'JF'JT | * P If,/" T [ I'l , 
SOIL CAZHNLR -72B003A- - 

S'''''F ri'Af G' - r\' P^'LI'lTr[i wf^f^ r'lcpjfj P^^r r-Lj; ^ i r-.f| THO'lUGH '^11. ^n" PFP *»jl CK FL *r H-?P'M I |M*M ANGA*' ^^ S'^ *Z I NC *L E A" • I » 

rm^^Mn-iiuM* 

SOIL CA7CNLP -7?nfJ037- - 

TFFFCT np AHDITM^ nr T^PfLi^. ''A No AV"^ S- , /P.Ci '■-."^ CH'^-ilf'l t ! ^ CU^PCKiOS Tf A'^MHN I F [ C AT IP M AND N 1 TR I F IC ATI P'J 'MIRl 
\.-, I'-irnF' A •■ Ti^") '== "illl. *T"X ir '•» Fo ^T in'!« 
Snil CAZONL"-' -72R00l'i- - 

(-.-r;-cT^' r;r ("---.fl')!^ fiirin^t -ji c, ,i <■ iM,;,as, re- '■-^irjiy j ^J prTiTJi^S *S p^pflS'HJKn my SAN'"> '.^n SHU C'lLTURF STlJOnS. 
I'JlL CA^nNL'^ -72flOl29- - 

Frr-.-r' n ■;c|,"i S-'C'.'' ^.LlJi'".'' " i ^ j -^ [ t- sr \t V. ■'< If Sn H . '"■ I T ^^ ''G >" ■'*'. I '"'' I "^ I f A t | p"!*! • 
STL CA' IM J _ 7^(01 (,7- _ 

fi'vjr.u I •■ r'' ■ "r' ' "S "-" ft AST! WA »■ ; -■ I-' J ' \\_ --M'I" f'''T, ^-1. ■ -.riHt-;,-;* 



.'• Tc- ! M ' "N'^A" [■.'\'^ I ' ; 'If S'iIl '■ "> V ;M • -'L'- *■ ■ f" 1 f-L "■' At Tf .- sr **;^^^L ">- ■, ^'~.'^ I '^pit.ati in in tht shutheo'j ukr4 

SniL CA?0NLO -72B0054- - 

5r)TL Ca?rNL= -7260071- - 

$IWflGr Sliin",E P>' ^'HL I'lDniVE^-r-jT. «;(-vI-•/<■NnlIfl'■.ATI'"^.**^r^TIlI2 = ''*ftf"TIv^TFn*^^G^Sr(^n*MTPt1&EN*PH^SPH0RUS*P^ 

SniL CA^ONL'^ -72BOOA3- - 

Xtu- ■^PPjrT OF cpc ]..«!_ [Mr^ !ac I'-.iTl.' J WITH -.F '-Jfi'?.- Of. TH' PR':'nUC ^ I V 1 Ty '"'■ -^F^OawS ^NP S^MF BinCHEMIC4L PMFNlMCNa 

IH THi- sr IL. 
^OTL C&2nNLB -7 2B0044 - 

r: SPLAC ^-NT nc I^nN '-i •^r\l ItJC-ir.aTpn with SCrtAf,::. *ikfiIf,lGF» Xl^ftT !ON*Prnur;T IGN* 
SJIL CA2QNLR -72B0066- - 

SEHaC^ Sl'lor.F AS S^^IL ."'vniTnNFP. 
SOIL fA21NLP -72B00A2- - 

rn-^ICtL rH4NGE$ I'l S'^Il i^pioaTF- WITM MilNirroAL SEWAnc, 
SPTL C420NIP -7280064- - 

S'''-vftG'' SI 'jf^iF AS snu CTjriTinNfp. 

SOIL CAZONLP -72B0050- - 

LAND DISPOSAL OF SFWAO? SL'IDGt: II. THF FFF=fT 'IN SOIL PH, M\, ZN, AND GROWTH AND CHEMICAL CCM^OSITION OF RYE 
(SECALE CE^E-HE L.t. 
$Xt%% CA20NLR -72B0079- - 

EFFECT flF FILTFP-PRESS CAKE ON CROP YIFLHS AND SOIL PP.1PFFTIFS. 
.Smii CA20NLR -7280U6- - 

LAMO DISPOSAL GF SEWAGE SI IJDGF : III. ''HF EFFECT FN SHIL NITRATE, 
snu CA20NLR -72B0566- - 

FFFECT DF niFFCOf^NT LEVELS FF COPPEP fiNO 7 I -JC iTHFn AS ADSIRBFO CATIONS OF SOIL. 
S'lILS CA20NLP -7280082- - 

SFW4GF If-^K.ATIOM r-fGIME pM nPAINi'^ PLi^TS WITH LHfiMY SOUS. 
' STIL*= CA20NLR -72B0081- - 

*g EFFECT TF SEWAG«^ lOPIGATJCN ON TMF FERTILITY (T^ SHPOY- PDD70L I C LTAMY-SANDY SOILS, ♦STPUCTURF*HIJMUS*R03T INGS • 

iS STILS CA2DNLP -72B0137- - 

TRANS^n^TING WASTE*^ TF BUiLD SOILS. ♦PA F T PR I A*CnL I F OFM*SAL HCNEL L A* SH! GELL A*PFNNS YL VAN I A* 
* SniLi CA20NLP -7280143- - 

THF EFFCfT OF SEWAG=^ SLUilGE CN SOILS ANC "^ 1 C PO-nPC AM S« S. *AZ ITOBAC TEP*N I T" ATF'AMMONI UM*COLI FORM* BACTER M* 
SOILS CA20NLP -7230134- - 

THF FFF<^CT OF PLPOntNG AND AERATION DN THF 'inRUITY C.F CEFTAIN TRACE ELEMENTS IN SOILS, *LE AO*COPPFR*NICKEL *Z I 
Nr*f;rRaLT*MANGANFSf *CHPTiIU*^*r'>t IIAT ION*?EnX tCAT TnN*VAf:ADPtM*f«nLYBDENUM* 
SOILS CA20NLP -72B00H- - 

CHANGFS IN TFP ZIMC n IS TR IPUT 1 9N WITHIN THREE SOUS AN" ZINC UPTAKE BY FIELD BEANS CAUSED BY DECOMPOSING ORGAN 
IC MATTER. 
illLS CA2nNLR -7280004- - 

FUNGI IN SOILS OVER WHICH OIGEST'^O SEWAGE SLMOGE HAS REFN $PRF^D. 
SOILS CA20NLR -7280286- - 

AM INVESTIGATION OF SFWAGF SPKEAOlNG ON FIVF CfiLIFHRNI* SOILS. *I NF I ITR AT !ON*CGL I FORH*CALC IUM*MAGNE SI UM*SO0 I UH 
• PTflSSTU ^*I''PIGAT1 ON* 
SOILS C420NLR -72B03*i7- - 

FIN PEITPAG ZlIP DEN URSACH'^N DEf - 1 F SF I MUn 1 ';kf I T VCN P'^DEr ICAUSFS OF SEHAC SICKNESS IN SOILS). ♦ I RON* Z I NC*CD 
pptQ*ynx ICIT Y*rv».NI nF*L IMe^*CYANAM iriE* 
SIRS CA20NLR -72B03';5- - 

r'"n«An;TnN n^ ab<: A^In riT,.*FR (irganics in uNSAT^C'ATFn S'iils. 

S^US CA2nNLR -72S0376- - 

\RS AOSHPriTION ON ^^'iIlS. 
^TIL^. C420NLR -72B0372- - 

THF FFrtf.T If SFW/'GF SPnc- Of I'l', ArriVITY IN SOUS. *F ALCIUM«"F«AGNF S IMM •POT A SS I UM* 
*''"*-S CA20NLR -72B025B- - 

FFFFFT 1F IRPiGATKiM nv SrWAr.f^ FRfj>l VULGA CHfMISTPY FNTFBPRIS<^S ON AGP CMC L I OR AT I VF INDEXES OF FINE-LOAMY LIGHT 
-''H"<^,TNUT ^HTLS. 

SOILS CA20NLR -728026^- - 

Fi'\GI I\ ^OILS "^VEf WHICH niGESTcn S'^WAGC ^LUrGF MAS Bi^Frj SPPeAH, 
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CA20NLR -72B026*.- - 

CA2nNLR -72B025'»- - 

CA2nNLR -72B021*)- - 

CA20NLP -7280*45- - 

T^ST flF ^FWAG^ SLUDGE FHP FEBULMY ANP TOXTDTV IN SOILS. *M TO0GE^^* PMCS PHnPUS'POT ASSl UM*SltL FUR* 

CA20NLR — 72B04 7^~ — 

CA20NLP -7?B04e3- - 



P'l^SI^U ITjrs -t^ INCPEASUS Thf Ft-tilITY nc ncuJ SnilS BY IRRIGATION WITH SEWAGF. 
JHl FATF •■'F AE^S IN SHILS ANH PLANTS. 



THE TRACP-FLEfENT Cr:NTENT OF SnllS. 

nFOarJK ^ATTF"^ REACTUNS INVOLVING M I TPPNl'TR I EMT S IN SOILS. ^.,„^. c, t^oA^o:, 

AnSCPPTION REACTIONS OF M ICPONUTR lENTS IN STIIS. *r npofR^Z I NC*BnpON*MnLYB0F NUP* lRCN*MANGANf S€* 

CA20NLft — 72B0395— — 

Tur FFFECT HF raMpn<;TFr) ^C^H REFUSE AND ACTIVATED SLUDGE TN PLANTS AND SOILS. 

EFTECT OF SEWAGE ["RIGATIPN ON S)ILS. •STOUCTURF*CHLOR I nE*RORON 

CH4NGFS IN HCnr>L4ND VEGETATION ANH SOILS ftFTEB SPPAVING LARGE AMOUNTS OF WASTE »JATER, 

CA2uNLk — 72B0535— — 

HPAVY HFTAL CONTAMINATION OF SOILS. *5E HAGF*SLUnGf ♦CCPfR*! I NC*HANr,ANESE»NICKEL*ALUHINUM*HERCUPV*CAOMIUM*L EAO* 
RFVIEW* 



CA20NLR -72B0389- - 
CA20NLR -72B0534- - 



CA20NLR -72BOni- - 

CA2aNLR -72B0020- - 



PLANT EFFLUENT SOLD FOR IRRIGATinM HATEF. *SLUnr.E* 

A^'ALYSIS OF SOLID WA^yr CCMPOSI TI ')N; STATISTICAL TECHNIQUE TO DFTFRMINF SAMPLE SIZE. 

■ '"^' ^ " CA20NLP -72B0189- - 

<^hl ID WA^^TF/rrS'^'^S'^ RFi MnNSHIPS, A LTTFR/'TUOE SUPVFV. *P AC TEP I A*?" OTOZOA* V I RuS ♦FUNGU^*HE LHI NTHS* 

CA20NLP -72B0096- - 

LANT PfCLAfATION-A COMPLFTE SOLUTION OF SLUDGE AND SOLl'^S DISPOSAL OROBLEM, *CHrCAGP* 

CA2CNLR -72B050'>- - 

P-nriNG SEWAGE SOLIDS BACK TO WORK. 

CA20NLR -72B0192- - 

THf SOIUHILITY HF M-^AVY METAL HYD'^IXIDFS It-: WATFf, SEW-'Gt AND SfcHAGF SLUDGE. Ml. THE SOLURRITV OF HEAVY MET4 
LS PKi^SfNT IN DIGESTED SFWAGF KLUDGE +r' I C K E I *I PON* 7 INC*COPP ER* SOD! UH*PDTAS5 TUM*C ALC lUM* 

C420NLP -72B0191- - 
THF SOLUfUITY '^F H51AVY MFTAL HYDPIXIDES IN HATE», SEh&GE AND SEHAGE SLUDGE. I. THE S'^LUBRITY OF SOME METAL H 
YDR IX I"ES . *CnP"FR*NICK EL*CHPnM IUM*CADMIUM<' 

CA20NLP -72B0190- - 
THE SOLUPILITY OF HEAVY MFTAL HYncDXIDES U WATr_», SEWAGE AND SEWAGE 5LUDGF. TI. THE PPFC IP I TAT ION OF METALS 3 

Y SFWAGF. *CODPFP*NI CKEL*Z INC* IRON* 

CA20NLR -7280191- - 

THE SOLUPILITY OF HEAVY METAL HYDROXIDES IN WATER, SEWAGE AND SEHAGE SLUDGE. 1. THE SOLUBILITY OF SOME METAL H 
YOROXIDES. •COOPFR*NICKEL*CHBnMlUM*CADMlUM* 

CA20NLR -72B0192- - 
Tlir SOLUPILITY or heavy METAL HYDP^XIDES IN WATFO, SfW'GF AND SFWAGF SLUDGF. HI. THE SOLUBILITY JF HEAVY META 
LS P'^rSEN^ IN r«IGCSTFD SEwAG"^ SLUDGF *NTrKF L*I PaN*Z INC^COPOEP *SOD IUM*PrTASSIUM*C ALC I UM* 

CA20NLR -728036*1- - 
MK'>ll1^^L Ri^LPASF OF SOLUPIF PHOSRHATF IN AN AFTIVATED SLUDGE FKVTRTNMENT, *TnX I C* A LC OHOL *SULPH AT £*S ALT * 

CA2QNLP -72B03?3- - 
TA«;ks amp P.<nRLF''< CONCERMNG SFWAGF nfSPTSAl "V I AND TPrfiTMrNT INTFRNATIONALl V -IND THFIR SOLUTHH UNDER CONDI 
Tir-^iS OF ''nnct)--) SOCIAl 1ST agricult 

CA2nNlP -7280)96- - 
LANT -'Cr I AMATION-A Cn-^PICTF SULUTI'lN nF Sllliir- AND S^Hins iHSPO^AI. PRn^LFM. *rHICAGn* 

0*20^1"^ -720029*^- - 
VluK^ '.'■MI'"S r'' '[J= WINH'-fK t.-IST'- JiT' V o-fLflMMfN PI Af;T (SOUTHWEST AFBIf'.). *'^ NT ^ Pnv I RliS*R EDV I RUS*ECHOVKUS» 

niL ^^■lc^^«3An co n* 

CA2rNlR -■'2B02S5- - 

'■It '" .T ,■! ri/ L u'lf". "f ^ 0' .^M'HC i'"."^ ' / iHA^'^ '"^i f -jDc- '■ HA* r^LuNu I " nr'' <^r»:j'^Tu"iinM i': th"^ snvi et uniom , 

CA2JNLR -7^80311- - 

nf '■,^p\,^r li'*is ■■'■ S'^^'Gr c^i-^iMr, I'l r,|.' ipr^ *G^PMANY*BP n A1N*FP 4NrF*S0VI^T* 
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CA^0^LO - 7?R02'>)- - 

ifYG K'l"" ^VflLl|ATI'■^■"^ j-ir ",(I(,iJI. T'|P*l |)MLl;^TI(:J^F r.Fv.aCt. ^HV. I F 'JF *U , S , 4 . •0'= RMANY^SR I TaiN*SnVieT*FERTILIZ 
re* 

Cii2CiNL(» -72B0338- - 

T'rMNi<;'(F f-PIM^' ■>Cr ni'lZJ AH" T -,^'1 ^H^'^<; <; ct |. Ar PP F H/ 'Jf'Li JNG ^.n^l- G^^;^J^HPln^ BfH^SSFPUNG SCHWFPEH *^OOFN MIT KOM 
vijr;ji "*i ft^^,■^<;<:-pM ( 'f Chni r ("-L "'ir ST n^:"; ^FiflT«^n hitm YrAK-"rjuNn LAN') T^J^ATMENT np S'"WAr;E ccfujENT «S WF L t A 

Cfi2aNLR -72B029S- - 
^IJP I 'JT^l TkLuNG ncp GA*J7Jft tP| if 'I 11W ASS FR L ANC« F HAN^LUNr, U OfB SCWJFTUNlTi IN THE SOVIET UNION). 

CA20NLR -72B009*- - 
F'^FECTS rr r I TY SEwAGF EFFHJF\T ilN l^PAIW Yl ELT' \K" GPAIN MALT QUALITY HF FALL-SOMN, IRRIGATED BARLFY, 

CA20NLR -72B0I35- - 
EFFECTS f'F CH^nMIUM HN GRTHTH M:n MINERAL NUTRITION CF SOYBEANS. 

CaZONLR -72B0252- - 

^Eco^'pnsITnN of thioureas py a pfnicillium species and soil and sehage-sludce microflora. 

CAZONt-R -T2B0557- - 

SPFCIFS PF FUSAPIUM ISOLATpn FRO^ A WASTE STABILIZATION POND SYSTEM, 

CA20NLR -72B(M69 

SPECTROGOAPHIC ANALYSIS OF AIR-DRIED SfhAGF SLUOGF. ♦ALUMI NUM*C ALCIUM* IPON*MAGNFS IUM*T I TANIUM*9ARIUM*CDPPER*MA 
NGAMESE*S'?DIUH*NICKEL*T 1 N»VANftDIUM*Z !NC*SILVE»*Z IPCDN IUM*B0P0N*8ER VLLIUM*CHROHr UM*C0BALT*GALLIUH»MOLYB0ENU 

CATONtR -72B0'507- - 
PETFRMINATION OF CADMIUM IN FFDTHIZEFS BY AT'^MIC AflSOFPTICN SPECTROSCOPY. ♦BACTERIA* 

CA20NLR -72B0365- - 
EFFECT OF SFWAGE LOADING TM PREVALENCE CF SPHAEROTILUS NATANS. 

CA20NLR -72B0107 

SURVIVAL OF PITHOGFNS ANO R^latFO OIse^SF HAZARDS. •BACTEP I A*SP IRQCHETES*PROTOZnA*HeLMINTHS*VIRUSES*REVIEH* 

CA20NLP -72B0401- - 
SFWaCE EFFLUENT ANO SLUDGE M4KF pnsSIRLF PEVEGETATJON OF STRIP >'INE SPOIL BANKS. 

CA2aNLR -7280005- - 
DISINFECTION EFFECTIVENESS PF Ht^AT DRYING PF SIUDGF. *HYGI FNF*Ca I FORM*SPORE-FORMING*CLOSTRIOIUM*B*CTER I**ASCA 

RIS* 

CA2CNLR -72B0016- - 

SPPAY DISPOSAL OF DOMESTIC WASTES. *SUD IUM*PASTUPF*HOnOLANDS* 

CA20NLR -72B0534 

CHAi^GES IN HOODLAND VEGETATION AND SOILS f.FTEP SPRAYING LARGE AMOUNTS OF HASTE HATER. 

CA20NLR -72B000*- - 
FUNGI IN SOILS OVER HHICH DIGESTF^ SFwaCE SLUOGF HAS BEEN SPREAD, 

CA20NLR -72B0358- - 
INVESTIGiTInNS ON TH«^ SPREAD OF BACTERIA CAUSED BY IRRIGATION WITH HASTE HATER. ♦VEGETABLES*COL IFORM*SALMONELL 
A* 

CA20NLR -72B0265- - 
FUNGI IN SOILS OVER WHICH DIGESTED SEWAGE SLUDGE HAS BEEN SPREAD, 

CA20NLR -72B0194- - 
UTILIZING THE TFCOMPOSI TI GN OF ORGANIC RE5IDUFS TO INCREASE INFILTRATION RATES IN HATER SPREADING, 

CA20NLR -72B0367 

PPRE GAS COMPISITinN UNDER SEHAGE SPREADING. 

CA20NLR -72B0286- - 

AN INVESTIGATION OF SFWA»F SPREAOfNG ON FIV"^ r.ALIFORNIA SOILS. ♦INFILTRATinN*CaLIFORM*CALCIUM*MAGNESIUM*SDD I UM 
♦ POTASS IU«*IRRIGATiriM* 

CA2aNLR -72B0145- - 

rHFflCAL CHANGES IN SEWAGE DUPING "FCLAMATTON t^Y SPREADING. ♦AMMON IUH*LEACHlNC*NI TR ATE*CALC IUM*MAGNESIUM*PHOSP 
Hn''US*SnDIUM*SULFATE*CHLO'>lPE*<^ICaRBnNATt^* 

CA20NLP -72B04T0- - 
SOIL fHFMICflL CHANGES ANO I NF I L T^ AT I CN PATE RFDUCTIPN UNCEP SEWAGE SPREADING, 

CA20NLR -72B0049- - 
ciir.c \ jr, (UPf^H L'OUT^ WASTT 0ISP1SAL IN NJPTHEWN LATITUDE. ^SPP I Nt^LE 3 •FLF JO*P IDGE-FURROH*NI TROG EN* PHOS PHORUS 

CA20NLR -72B0I99- - 

fl ^l^^, rqrs"TT. *»orir,'Tl'-)N«SP'''N'<i '"P'-S*^WA..c*EFFll)FNT'*Li-ACHIWG*PENNSYLVANlA* 

CA20NLR -72B0183- - 
THf Ptlprvivc EFF'CT jr n}ff-ft^\7 (EThjS ("= '"^ WAGE -WA TFp TRCfiTMENT IN INVESTIGATIONS OF BERLIN SAND SOIL. •!R 
Of, ITT i\*SPR iM<LFP«FLn'^D«F(|PP'^'W*l f ACHI^ G*N I T W OGEN*N I TP ft TE •AMHPNI UM* PHPSPHOPUS*P0TA SSI UH»C A LC I UM*SOD I UM* 
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CA^ONL" -72R0lf8- - 

T"- S'liy 'II iTY ''■ ■ M rri. i ■ r 1- tH',-.-; .IF ipi-l I r r.T !■'':, c -t-. "^1 ii T ( l I ZAT 1 1^'. of st hAf.^. *spw lNKLEP^fdo =lf)H*Sljesn u * 

CA?T^LC -7?BO0*3- - 

Tji. F.-frrr nr S ^t- i ^JK L ! 'j', !< ■' I f.M ! ' "J W!TM "^c.^Ar-.i (;.j th- pR-'IUCMVITV Hf ipajCwS A M^ ST'F HIOCHF"ICai PHFNOMFNA 

CA20NIO -7260A29- - 

t^fTNM'lir'^ i)F <;=^WAC'- ni<:r>n'^il l\ r■"l^'Nfr t k-n wit-' AG" ICULTUD;.L 'IT K IZATIIN. ^SOoINKL I'y,*iFtlHANY*POLANn* 

CA2DNL'' -TiBOSi**- - 

FPFCfT OF MMMfrio&L «;F »VAf,f fFFLU^NT IcafGATION ON HEIGHT GPOWTH OF WHITE SPRUCE. 

CA20NLt -72B0f>57- - 

■sptrrits HF cuSftFlu^ ISHL^TFn cpuM ft WftSTF S T fla I l I Z A T ! GN P^NO "^YSTCV. 

CA20NLR -72B0113- - 
PFTOIFBSmPTSr.HAFTLICH'^ rFGEONt'^S'" nrS ST.'.DT I SCHEN GUTF S lMETFrShEIH MIT HP « U^STELLUNG ftUF ABH ASSf HSCHL AMHVEP 
WFRTUMG ("FSULTS HF rHi" FARM ".'A NAGF ^-ENT 0^ THF *<UMir.IBflL FARM AT OIETFRSHFIM AFTER THE ADAPTION TO THT UTI 

CA20NLR -72BOAi5- - 

lU^- VrP^^fNnU^'■, VnN STADTKOMPTSirN I M Z I E RP FL AN? F^ gAU (USE f^F HlfNICIPAL MASTF CCMPOSTS IN OPNAHENTAL PLANT GROW! 

NG, 

CA20NLR -72B0326- - 

FIN ZwnLFJftHOir.Eo FRT IL ftNDVfrtSJCH ZUP ^ IRKUNG VCM MULL-UN^I KL AR SOHLAMMKOMPOSTEN, 5TALLMIST UNO STROH AUF ERTRA 
G, NfiHP5TDFF-UMP HUMIJSH4U5HALT DES ROn"NS (A T W^L VE -Y<^ AR FIELD TEST GN THE EFFECT OF REFUSF COMPOSTS AND S 

CA20NLR -TMOiei- - 
FUNFJAHRIGF E =?P '^R'il SS E '^INFS V^RGL E ICMFNDEN F Fl OVER SUCHS " I T A6WA SSERF AULSCHLAMHENt STALLS! ST UNO HINER4L0UNGU 
NG AUG SANntnnfN (R'^SUL'^S OF A COMPARATIV*^ FIFLO TEST OVER FIVE YEARS rflTH OIGESTEO SEWAGE SLlJOGE,FARM YAR 

CA2nNLR -72BO020- - 
ANALYSIS riF SILn WASTf rrMPDSlTlON; STATISTICAL TFCHNIQUF TO DETERMINE SAMPLE SIZE. 

CA20NLR -72B0354- - 
niF STCLUJNG T^ R 4BWA*;S'=RBQ'>FN«<^Mi'NDLUNG fiLS R EGEL^r^THOOF OER ARHASSERREI MGUNG UNO ERFORDERNISSE ZU.IHRER HE I 

TcpcMTwlttLUNG I" "'F'* 1DR. (S'^^IGF DISPOSAL PY LAND TREATMENT A REGULAR METHOO OF WATER PURIFICATION, IT 

CA20NLR -72B0299- - 

A rC«D|jTct( MCnFl pno STGRAGF AND L \Nn DISPOSAL r> F ANIMAL WASTES. 

CA20NL(> -72B0182- - 

EFFECT GF r»iFFFRcfc!T OU'RFFYING WASTE-WATfc SLUDGE APPLICATICNS ON THE WAT EP - STORAGE CAPACITY AND YIELD OF A SA 

^^^ ^''"-- CA20NLR -72B0119- - 

SE^JAGf SLUDGE ^DN^ITinMNG AN'> DISINFF-TU1N BY GAMMA IRRADIATION. *COL I FOPH*STREPTOCOCC*L*FECAL* 

CA20NLR -T2B00 7O- - 
VIOL'S C'rT=OL AT THE SANTE^T, CALIF. PPPIFCT. *C ''L I FPPM*STF -^ PTCCOCC I»B ACTFR I 4*SEHAGE«EFFLIIFNT»RECRE*TI ON*REOVI R 

US'PHL IOVlRUS*FCHnVTRUS*AnF'inVlRUS* 

CA20NLR -72B0961- - 

RFMQVAL CF ENTERIC VIRUSES F P :_1M SFWAGF BY tCTIVATEP SLUDGE TRFATHENT. ♦pOLI OV IRUS*CaXSACR IE*C0L IF0RM*BACTE« IA» 

STR=t>Tncnrr i* 

CAZONLR -72B0401- - 

S-^WAC -FFLUENT AND SLUlGE mjk^ oiSSIPL"^ r^FVEGFTATl ON "P STRIP MINE SPOIL lANKS. 

CA20NLR -72B0326 
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CA20NLB -72B0250- - 
CONVPRSION TC ACTIVATED SLUDGF AT UNinN C i"^ R I D? S IfSTITuTF PLANT. 

CA2Q»4LR -72B0295- - 
' ZUR ENTHICKLMNG nri? GANZJAHRIG^^ A IWftSS FPLAND'ii^h.'INDLUNG IN OER SDWJETUNION IN THE SOVIET UNIPN), 

CA20flLR -72B015»T - 
HORTHKESTFRN UNIVRSITY SOIL fNRI CW'^ErjT "tl^CLAHAT ION PROJECT. ♦LEACHING-N I TP ATP^Nt TRITE*Nt TROGEN* 

CAPONLR -72D0355- - 

nFr.RAOATION CF ARS AND HTHEP HRGAf'ICS Ui UMSATUPATED SHILS. 

C«2nNLR -T2B0467- - 
uriTERBPINGUNG VD^' L ANDH IRTSCHAFTL IT HEN UND K^»•^^UNAL^^; A BF At L STOFFFN I»l IDDEN. (LAND DISPOSAL DC A9RICULTURAL A 
ND MUNICIPAL ''■'.•<;tf) . 

rA?n»il P -72B0309- - 

P[.riFiyHyGI=NISrH<- UVTr'-SUCH'JN'"-'^ N T ^' -1 HW-^ S£ ^^t vr c wr RT| rNGSGF HI I- TE N 1 SOI L -HY G 1 ^M 1 C STUDIPS IN S FW AGE-I I SPOSAL ARfAS 
) , *r AfTF »1 A*S'I f'."''l<=LLA*10R I i'-T IHN* 

CA?ONLR -72n03OO- - 
MlK-JnynLOGISCH*- ilNTe^SUrHliNGrN n ^BflASSLi^ FAMLSCHL ^^''- V'=tSUCH DIFTFRSHEIM 1 HICFQeiOLCGlCAL ANALYSES IN ThF 
IPTfPSHril TEST 'JN niCFST''! Sl'-'^GL 'L'JDGF, 

CA2nNLP -7?ftOl"!3- - 
pCFrrj IF iiNT^i^ATriT, Mc CH/>J I C ALL v "HoiFlf^, ANP '1 1 HL fT, [ C AL L V TRFATPn <;ct,AGF ON FIFLD YlfLi, *M Tqnr, E'J* PHHS PMOB 
U^*[ir TASSIU'^* 
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VAMA HlJ'4 
VAMft )I<M 
V&N4 )IIM 
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vAPi iiraY 



VAPI HJSLY 

VFGrTABLl^ S 
VEr.rrc-iL'^S 

VFC-'^T/iflL'''^ 
V" ■■,'"T)\(*L'-''- 

V •"'■.•-■■> L "■ 
tf r . - . u ■ 

V h . - r ■. 



CA20NLP -7ZB0255- - 

"'''kUVncm .pnrMisK'.-V 'J^s'lts n. tpim. ri ka.ifn.- wpoclawsk, anp i^PioArnN of "J^^S^;J^".^|-*J^,»: _ 

CHA^G':^ !N Th? 7PiC aiSTPI'^UTlin WlTHlN TH»=F SHUS 4V^) ZINC UOTAK-: BY M^LD PFANS CA.JSfO PY nFCQHOQSING MRGAN 

IC M6TTEP, CftZONLR -7200021- - 

UTILUATMN OF 'J''«'''l WiSTFS 1^ C^r^- PtMRKTION. *f,ao Pflr, t »< L UOGEtBORnN^COPf FR -LfA D*MANGANE SE«Z I NC*NI CKEL*CH PQMl 

UM*CACMIUM*<=FFL.)PNT* CA2'3NLR -72B0357- - 

UN BFir^AG 21IP '^'^N U'<i«CH = N nr:. -= , c srLM.jn, r.KF 1 T VIN HHCFN (CAUSES OF SEHAGf SICKNESS IN SniLSl. •! RON^ZI NC*Ca 

PPrq*TnxlCITyCYAMOE-LI«F*CVMAMnF. CA2rNLR -72B0266- - 

AGRIC'ILTJPflL iJSiGP HF S-^WAGF PF TH" TnwK' -)F ZO-Y. * Nl T ROGF N* PHOSPHnRUS*POT ASS IIJWC ALCI UM^MAGNF S IUM*IRON •CHLOR 1 

"-5* CA2CM.R -72B0129- - 

POLLUTinh *CnMOOSTS*WASTF MTI L I MM HNS*. ^^^^^^^ -72B0302- - 

PADAMA Mn7LI»JlSrT ZASTnSn^AHl« r-p^no^ KOHALNIANYCH OwYCH HO UZYZNIANM CLfF P I A SKOWYCH. I I . MPIYW OOP 
AOPW NAWZROST I OLDNHwANIt^ PHSLIN ■'^ «AOinKACH POLUKYCH I PRF L I MI NA OY I NVFST I GAT IONS ON THP POSSI 

CA20NLR — 72B01 3^~ — 
THF EFF'^CT OF FLHOniNO 4NP AECATIPN TN TH^ ^O'^Il.ITY OF CFPTAIN TRACE ELFHEHTS IN SOILS, ♦LEAn»CaPPER*NICKEL*Zl 
NC»COe&LT*MANGAMFS^*CHP0MlMM*nxiDATinN#R^nxI0ATICN*VANAOIUM*Hr)LYBnFNUM* , „« « 

CA20NLR — 72B0't6"~ ~ 
cprrT»(irRAPHir ANALYSIS QF AI)^-mi>^n SFWA-.E SLUDGF. * ftLUM I NUM*r ALT. lUH* I P0^4*MAGN ES IUM*T I TAN! UM*B AR IUM*COPPE R*»<A 
" NGAMESF*S0niUM.NICKEL*TIN*VANA-'HJM*ZINr*SILVFt.*7iaCCNIlJH*RnPON*flEPYLL!U«*CHPnMIUH*COBALT»GALLlUH*HOLYBOENU 

CA2QNLR — 72B02 OB— "■ 
TOACE ELFM-^MTS IN SFHAGC SLUPGE. • ?! NC* C'lP l"rjM*COPPER*NI CKEL*T I N*S IL VFP*ni SMUTH*LEAD«MANGANESE ♦VAN4D J UM*TOXIC 

^^'** " CA2CNLR -72B0118- - 

EFFECT IF CHPnME PLATING WASTFS ON WARSAW, INf^IANA, SFHAf.E TREATMENT PLANT. *SLUDGE*CHROMIUM*VARI ABIL I TY*S4MPL 

'^''° CAJHNLR -72B0113- - 

THF EFFECT OF IRPTGATIUN WITH TOWN SEi^AGC ON Vr^I^USLY FERTILIZED MANGEL-WURZEL AND SUNFLOWER GROWN FOR FODDER 

' CA2CNLR -72B0'V57- - 

THF FFFFfT OF IPPir,l\TtnN WITH THWI SFWflGr PH TH^ PROOUrTinN OF VARIOUSLY FFPTILIZFO WINTER RAPP. 

IMC crrt. u CA20NLR -72B0059 

paCTFPML CIN'^A^TNATinN nr SOIL A^n VrGFTAFLf^S ON PIFLO*: AFTER SEASONAL SEWAGE IRRIGATION IN THE SOUTHERN UKRA 

INF , e-rnL IFORM* 

'" ' CA20NLR -72B0306- - 

INFFfT^N OF VEGFTAPLFS RY A pt>L I C / T I liM f'F PHMFSTtr SE^AGF AS ARTIFICIAL RAIN. *COL I F 0PM* SAL MONFLL A* VEGE T APL ES* 
CUM I T a 

CA20NLR -72B0306- - 
INFECTION OF VFGFT>'JLES RY APPLIC'^TinN OF PO'-iPSTIC SEWAGE AS ARTIFICIAL RUN. •CCLI FOPM*SALMaNELLA*VEGE TABLES* 

FRUIT* 

CA2nhLR -72B0297- - 

Rft^TFrM^L^GI^^L stkhy if iP-'K.aT "^n VEOriiriic^ . *roL ifopm-^sal ArNELLA*F»'TPR0Cnr.cI* 

CA?0MID -72B0360- - 
r^iliFno-iA oFr,i,L(T'"'; H"^^ OF er^AG- ^^CF fonp I P t' I GAT K^N . •V^ GF Tfl BL'' S*FRIJ 1 T*F OR AGF "CRAl N*CORN*PACTER I A* 

CA2nNLP -7?80353- - 
I"VE3TI-.£TI INS f'N ""'"' -r^DF-n if R^CTE-'IA rAU=",f'i "Y !P'>IOaTirN WITH <^A^^''=. IJ4TE0, "V^OC ' AflL ES ♦COL I Fp" M*SA LMONELL 

CA20MLP -72B0348- - 

rrr-TA M'l'''' riN "'' V"'.'^''''^LBS r,i, W\ \H POLLHT-il :;"IL. II. Fl^^LO AKO lAPOoiTnr-v STmiFS "^N CNDA'TEBA CYSTS. *SFWA 

OF* 

CA70rio -72B0?4'>- - 

rr riTA M"' T lOK] "^t \irr-_r-r ,\(>,\_Pi r,"?'"'! IM l'"'LL'ITrri ciii. V. MfL-'I'JTHIC '■"^CON'^A"! 'nTION. * A<: C AP ' S «S fw (« OF * 

CA?rNl " -72P0'»49- - 

^^.-T. -1 ;, r I '^ -r v-^r,- r:-^,!. ^■; V ^^ ; ''i ^ t I UTi ' S"'IL: I. °t.fr£P]^\ rpN' A MN at M^^. -^C -^L I '^"RM ':-SH I GC L L A ■? SAL "^l NF L LA* 

c^zo^L" -T^^■}^l,b- - 

r'Mr'l .fl \'i\ HF vr-FT^TLt^S f.; IWl I -l r»LIUT-n <:OII . IV. MArTE^IAL nECONTA"! NAT! r.>i. •C OL I FOR 1" 5 1 »J AI.F* 






' 170M P -7?ftOrD7- - 



VFf -:T/VTli N 
VFGFT^'ITJ 



rn 1' f ■) v"" i'-T'Ti . IF p r-j-ATi- , V. IT" w/ ->Ti TCI iT.Mm fFFL'iFhTS iN"- o-r.-^lHlc PI ^\T r>ftTHlf.rr- IRMGIT IPN I ME 

t ' - ' I !■ S , 

f-l^n-^tt -72flO«80- - 

LITcCftTlc DCVI'^w •■ TMf n-ru"'=''Nrc A'P S'Jl-VIVll IF ChiTCBK, PAT HDG'^N IC , ANH RFLlTIVf PPG^HIS"^ IN SOU* HftTER 
, S-V-^^-- AN" '■|'i'"itS, SN^ Tl Vi^-jFTflTTlK. I. parTFPIAt. SND VIRUS PtSFASFS, •f 3L I FflRM+TYPHCS A*TURERCULOS IS* 

CA21NLP -7?90*79- - 
LITFPflTl'-t OEvif;^ l^l THF CCCMP'J E 'iCl AN" SURVIVAL ^F F.NTFPIC» ATHinFhi I f , AMn PFLflTrP ORGANISMS IN SOIL i WATFRf 
Si-^KG', A^O ^LitnGf^S, fNH IN V"GFT5TI-l^, II. ANIf^AL P'^ASITFS, *ENr)AMnt BA*HFL M I NTMS* ASC AP I S* 
VFO'^TATI^N Cft2CNLR -72B0534- - 

CHANGF<^ !• WOmLAN'i V 0"^ T AT IIl'l / 'Ji' SCUS AFTfO SPi^AVINS IA'J-,F AMDUMTS nr HASTC HATFB. 
VFC-.i FICt '''^F»' C42nNLR -72B01fll-- 

FD'^'FJAHtJIG'- E'"^*'«M'=^S'' ^1"=*: VFf -Jl = I Ch"^ N^E^ F'^LPV'^ ( C-UfHS MIT ARWASSERF AUISCHL 41MEN, STALL1IST UNO M INER ALOUNG'J 
NG AUG SANnBOr"^N (t-FSULTS '^f t rnMCPATIVE FIFLO Tt S^ nvE^ ^lye VtARS W'TH "TCPSTFO SEWAGE SLUDGE, FARM YAR 
ypp^lfH CA2rNlo -7280300- - 

MIKPflRIOl HGISrMF IINTrfl SUTHUNGP N I^ ARW^ SSEF F AUl SGML AM"- VP«SUCH niPTFRSH*^!" ( MIC ROB inLHG IC AL ANALYSES IN THF 
lETf^CSHflM TFST Of-' niGFSTFO S'^WAG'^ SLUl'if. 
VEo-.JCHSr<'f-PrJl^S«: C\20HIP -7280217- - 

VFoSUCHSFor.FBNISSf U'^pp DIF Bnncn'ii^HAM'^L unC VN APWA SSERSC.HLAMmfn DER CHFM!SCH=N INOUSTRIF ( FXP ER I MENTAL RfSUL 
TS ON THF I AND Tt>'^\TMFNT HF SFWAGF SLUDGES FR( M CHFMICAl INnuSTRIESI. 
VERWFNnUNG CA20NLP -72B0«15- - 

ZUR VEPWFNnUNG V^N STAOTKr «POSTFN I MZ I E OPF L ANZi'N'? (^U (USE HF MUNICIPAL WAST^ COMPOSTS IN ORNAMENTAL PLANT GROHl 
NG. 
VFP^^^TUN'-, C&20NLR -72B0219- - 

MOGI ICHKFITFM HFR L A^'HW I " T SC HA F TL IC HE^ vePKE''TiJNG V^N AUSGEFAULTEN SCHLAf'MEN t fOSS IBIJ. IT I ES FOR AGRICULTURAL U 
TILWATIF'^ OF FFRMCNTEI SLUDGE). 
VFR^-RTUN-, CAZONLP -7280179- - 

DI^ LANGJAHRIOF VFRWE»TUNG VON AHW4 S SF3 F AUL SCHL AMM IN FTNFM VIEHLHS BC W! P TSCH AF TETEH BETRIEBE UNO IHRE AUS4IRK 
, UNGEr: AlfF niF EIGFNSCHAFTFN UM^ LEISIUrGEPJ HFR RDOFN 

yiCIjjTY CA20NLR -7280511 

^ PUPLK HFiLTH ASof'CTS np THE CDNT AMINfT 10"! OF GROUNDWATER IN THE VICINITY OF DIR5V COLORAOn, 

•^ VIFHLOS CAZQNLR -72B0179- - 

t UI F LANGJAHRIGE VFPWFRTU'JG VON A^W^SSfcR FAUl SCHL^mH IN EINfM Vl^HLOS BEW IRTSCHAFTETEN BETRIEBF UNO IHRE AUSHIRK 

UNGt^N AUF 1IF E IGENSCHAFTFN MN'I LFISTUf^GEN T'EP BOOEN 
VIRJLQGY CA20NLR -72B0036- - 

TH[ VIRDLOGY OF HASTF WATFR TBFAT^FNT. 
VIRUS CAPONLR -7280070- - 

VTPU*. rONTPnL AT TH<^ SANTEf, r.ALIF. PRC'JFrT, *CCL IFnRM*ST'J '=PTOCOCCI*RACTERI A*SEWAGE*EFFLUENT*RECREATI0N*RFOVIR 
US*PnLnVIRi)S*FCHOVIPUS*APENDVI''U<* 
VIP'J', CA2nNLP -72B0060- - 

VIRUS INACT IVATIHN ^^| CLAY PAPTICL'=S IN NATURAl HATERS. 
VIFilS CA20NLP -72B0189- - 

SPLin W^SrF/DlS'^AS'^ RFL^TIONShI ^S. a LITcpatjrf S'lPVFV. ♦flACTFPlA*PPOTnZnA*VinUS*FUNG'JS*H = LHINTHS# 
VIPIJ5 CA70NLR -7280172- - 

vr^us ^nv-^FNT in G^nU'inwATER. 
VIPJS CA20NLP -72B0212- - 

f^f FECTIVfNFSS HF WATFC TREATWF'JT PFX--SSF<; IN VI^US o'^^'OVAL. 
VIPlI^ CA2aNLR -72B0225- - 

i SURVEY HF Ti|F DATMnr,c>|ir OBGAM^'IS ^^D t-FLil^iTHir nVA IN COMPOSTS AND StWAGF SLUOGF. ♦CHL I FORM*BACTEP I A*SALM 
ON=LL A*VIPUS« 
VUir C4?nNl<' -7?ft0489- - 

PF"CVfiL ""F FNTFRHVl PUS"" S FB)-^ ^rw^*,F RY flCTlV.nFD SLUPGE. *PnL 1 0*V I PUS*CnxS ACK I 6* BAC TER ICHAG E * 
VH IS C420NIR -7280^80- - 

LlTUATiJPE ''F'/ir'j T: THF rjf.C U°'< F -jrP A'ir. SU'^VIVAI. Of- FNTERIC, PATHTGENIC, AND RELATIVE ORGANISMS IN SOIL, HATER 

, <^ r '.-■•. nt- ^'■ln $i n^'," "^t f\r- ^r v'=';ft-.ti is'. i . ratte^ I al anp virus n'SFA<:*^s . "cni ifcpm*typhosa*turerculos IS* 

Virj<^ CA20NLR -728029*- - 

VIRUS ^TUni'S 'N Tmc wi'lHPtiy: WASTi-jATr- » rf l A" \T I-^N PLANT (SOUThWEST A^^PlfA). « F^lT F 80VI P US^ofnyi ouS*EChOVI RU S* 
CHL I F,1PM*-1ACTFP t A« 
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VIP JirS 
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viPi'^e^ 



ri?rM= -72B0i?5- - 

rr '?■■-:■'(■ -^ -,- -r ■'=-■" ■,- -ac- <:i ir'.'. '-l : "r ""-- ir r hl"- ' rt «s /'.f-' i'.ell 4*asca" i s«p^l r.'v ic.js'CSNniJ^i •vi«us*yf*sts« 

C/V?0^IL= -72S05*0- - 
A-oK^ll TM^'L ic-|-rrTS i*n '^■:v!P'"-.-*-';T'L ^t-(;G-'i P-S'JLTl'..i Fin- THC 'JS"^ ''F '^!'".1STE'^ SEwAG!^ SLUr'^-E rN FIELD CBQP 

r^^OM-' -72B0528- - 

jp ,-,-jpTir-j iP. ) t: -i-iSL-r.T 17 . '^^ ■•^i-aLU* VIP'JS'-S 3Y ^i. j-t 5 . ] J . B<:':rvFOY SNH " j 5 jn I PU' T ^ "J 0^ VlfiUSFS IN PLANTS 

C^2CNL'' -72fl0527 

iPrnpnTin'i ftM to a-, "l '^r t T nN "r "VMtLlA^ v:"'IStS 'iv Pl.t\TS. I, S^I^VIVaL '^'^ "lUSE FNC^PhAL DMYEL 1 T 1 S AND PnilQM 
VLP!^ VI==ll^F^ I'- S"1L f'l PL^NT -^TT ^^ ?;v I r r» mT'j T. * P lL ! CVI P'JS • E 'If ^ Pna LH^YFL I T" I S* PH* 

CA20MR -72S0527- - 
^t^cnoDTi;" AMO TO ft-iSL XlfriN "F ■■"'.'".' H 1 f '; VlDli>'^5 ^Y i^Lif^TS, 1. SURVIVAL ^i^ "'^USc e^C E PHAf. H^f YEl I T I <; AND POLIQM 
r-^LITIS. VIPUS'^'^'lN S"IL A*.:) ^n-JT = 1->T '■NVT = T;M = ';t, *P-:l1 lVlPUS*EN'"'^t>HSL'^''YFL ITIS*PH» 

CA20NL'' -72a0528- - 

absorption; anh T0 4•!';L^c^'■I0'^ of M-vi^iLi/N viruses iy j'lants.u. pernvr^Y ano distoibution of viruses in plants 

, *pnL' "V »llS*'^'""rpHftt.l "^YFL ITIS* 

Ca20NLP -72B0561- - 
orMiVfiL """ ENT-^ir VI^uS^S '">'^-' '^"'t'^'M ^Y iCTIV/'-T^n 5LU0r.= TPFaTM?NT. fcPOL ! V I«iJS*CnXS ACKI E*CCL I Fn<»M* BACTER I *• 

STRFPTOCOCC I* 

C*2nNL0 -72B0256- - 

PinLGGY nr sniL-'^OP-lF V!«USFS. 
yjf j^rj CA20NLB -72R0496- - 

THf FFF'^CY OF SFH/'G'^ TREATMeNT n*; VIR'I^ES. *<;L'inGF* 

CA20KLR -7280*37- - 
!S"LATin'J OF '^NT'^Rir VIPJSES iNH SM«'IVFIL£ frti SE'^AGF, *PCL in+COXSArK ! =*fch'^*CCL I FaRM*FVTFROCOCC I* 

y,p ,5^,; ^ r.^ZONL^ -72BO05* 

jiir T«ANSn-lfT HF WATCD - ^TKN*? VIFH-^^S IN S'TIL. 
y,p ,^^5 CA20NLR -72fl0107- - 

S'lPVTV.L 'T FATHOG'^N*: ANI prLATFn TlSE*<;E HA;?A"nS, *P AC 16=* I A* SP I B ^CHE TE S*PROTnZQA*HFLrtl NTHS* V I nUSES*REV I EW* 
yiT^fir, CAZONL" -72B009S- - 

LlOUin SL'JOGF-THE VITA-^IN FE^TILIZEP. 
yiT-jMIiS CA20NLfi -72B0478- - 

nDSEPVATIONS HK SOME mINEFALS ANH 1 VITAMINS !N S^WAGF ANCi SL'JDSFS. ♦PHCSPHOR1(S"SliLF ATE*SULF IDE • IR0N*C ALC I UM*M 
AGNFSPn*COPPFR«ZINC*CM90'1IirM*NICKtL*''OLYDDtNi|M*C'?BALT* 

CA20NLR -72B017*- - 
LPNC DISPOSAL C'F LIQUID SE-JAGE SLUDGF; [. THE FFFFf " GN THE GSIWTH, CHEMICAL COMPOSITION AND I*' VIVO OIGESTIBl 
LITY HF COAST AL BEPMUHACRASS ( CyNOrOM nfCTYLTN L. PE RS ) . tNI TPnGFN*PHQSPHnouS*PaTASST UM*CALC IUM*H4GNES IUH*S 
VaLATILF CA20NLH -72B0548- - 

ELECTPOOF POTt^NTIALS OEVFLilPEri DUPING ^IIJDCF DIGESTKJN, *VFTHANE*PH*VnLATI LE ACIDS* 
VDLATIL IMTinfj CA20NLR -72B0171- - 

THF EFFECT OF LIQUlf '"LUDGE ON GP':'/*TH fl^^ CHrwiraL C^'IPCSI T ICN Cf CTASTAL HERMIJDAGR ASS AND RYE AND PN SOIL PRO 
PFPTIFS, -AMMONIA V^L ATI LI 2 AT TPN, AN P NITPATF LEACHlWr,, 
VOL'.A CA20NLP -72B0258- - 

EFFECT OF IRPIGATn^ f\y SFWAG- FP r" VOLGA CHEMISTRY CNTfoPRISFS ON AG" G^EL I OR AT IV E INDEXES OF FINE-LOAMY LIGHT 
-CMFSTNUT SOILS. 
iaPS\-^ CA2nNLR -72B0118- - 

CCFFCT ir rHPn«'= PLATI^■-, iNiSTFS ^^■ '•^^l'3a'/i, I^'^tiNfl, SEWAnc TPFATVt^NT PLANT. * SLUOGF*CHRnHI UM»V API AR I L I T Y*S AMPL 
I NG« 
WAPJIKA'-.H CA20NLB -72BO:*02- - 

WSTFp-jr a^nANI* ^-O^LlWIiSCT Z A S Tn Sn'^^ HI A npF4nny< K'lP aL Nl ANVCH '^WYCH nn MZYZNIAMTA GLFE P I ASKOWYCH. 1 I . HPLYW OOP 
A"if'-^ "AWZ°'^ST 1 PLONOW-'-NK t'TSLiM W W^RMNKiTH POLHwYCH (PaELIMTNA^Y I NV^ STI CA T IONS ON THE POSSI 
iJASS -^GUT - IMFC ^iJCHTT-Cf CAZUNLR -72^10*^1- - 

Wi SS'JCiVJT t 'JNT"PSirC'-"r.G"N VIN PTiilSTp I^LI rw AtlwASS'^P'l t^UF PIE IBWASS TPL ^•■'^ '^''hA NHLUNG (STULHES CN WATER QUALITY 
OF TfimiST"] AL Si^x'.r.F IN THF LIGmJ 1^ sr^^AGF DISPOS^'-L PY L AN P TOCftT^FNT. •H'jr'GAO Y + SOnHH* SAL T S* 
tf,«'§.t^ CA2QNLR -7 200453- - 

FTRT IL 1 Z'^'' VALUF I -I WftSTF f' I SPIS AL MFTMri-; . 
HASr" CAZONLP -72P0467- - 

Ur^TF'JflP I"r,f|MG Vf''! l ^N^ J I^ T SCHAf^ T| |:hc-, n-jn kH'-^'IN.'! ^N ^HFAlL STOFFEN l** ROnrM. (LAND DISPOSAL DF AGRICULTURAL A 

N'l 'u-"! ::.l ■^fL v•^^:_r'- 1 . 
%»^^ ^^?o^'L« -/zqo''t73- - 

eiilL SYSTFfc; FTC ijOMin WASTE T.ffT>i^:.T K.n nT<;in^flL: "^ NV I R^^1ME KT M FArTRPS. 



^UJ 



lAsr " f %? • I p -T?no';oo- - 

;)1 SPr";.fiL IF WUMT I PAl Vh'^^^ w^ TT ; r HP iMf.H (■ IPr $ T I P -^ K, ;. t [ r/i . •orf,MSVl *". M '"NI TO n'; c»,,dhC $ PHURIIS *PnT4 SS IUM*f ftLC I 

y4^|- r4?aNLB -7260^10- - 

STATF n-- THC re 4vnD'-ir,f-.: ,\<;r ^^TIvlTy (ic fOll'TI'" tiACTF^Ift, THFI" rP''WTH, AMI 'l.T-T, UNDF ' CHKOITICNS INVGLVINf, T 
Hf ff Tl IN IF I^'SPG^NI f MATT^'-J '"nf^T i lliFH Pi INnySTRl AL HflST^ wATFP^. *r."?^*!UM*rnt>P5''*CnE>aLT«»JlCKFL*ZINC* 

„4CT- CA20NL'' -72R039<.- - 
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HAC^Tt CA20NLP -72^0287- - 
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UAST- CA2nMLP. -72B0270- - 
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TF. 
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WAST^ CA20NLO -72ft03l3- - 

'■irPTTiAi a>ic CM'"wirAL stijoy of s'^wagf ^nh iNrjsri-'i al wastf. 

«*<T'^ r.A2nNLR -72B0322- - 

PIJPLir MFALTH A-JprCTS "'F ^ASTP WATcp IJT 1 1 I ? AT I T': TM ISPAn. 
, WASr^ CA20NLB -72B0315- - 

FTPTPT 'f, rnNTINUfn STtjnv IF WASTF HATf^ PLflA-^ATinN AMO HTILIZATIPN. 

HASTf- CA20NLR -72B0356- - 
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A* 
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^45?"= C420MP -72R037*- - 

ST'IPY 'IF W-'ST-- WATf Pi^r.L AM4T ION A'j') I IT [ L IZ IT I'lT' , 
WASri CA2CNLP -7?B0?Ea- - 

CHANr,-" IM <UIL PPn^rOTjcS US AFFFfTFO f. V IPOir,rtTirN WITH WASTF W&TFOS,, 
WA^^'^ rA2nNLF -72R0370- - 
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• MI r<'jiTF*nnBrN*rn'>j')ijr. T IV |TY^C/L 1 Ff. PM A,* 

CA?n»'LB -72?^0020- - 
ar-AlVSI'", nc Sliin vlA'Mt f "^^ pn r ( r I "l ; f T/iT I = Tir ".L TFrHVTnuF T-l TFTc^MI't- .^a^PlF <IZE. 

C/'^rnL" -7?B01?9- - 

ra^n^LP -7?3r)i4i- - 

FI'liL Ri^floT n-l riD/l I^IVf bTK.AT'l Afi Pr^FAPfH 'l''- K^ST^ WAT*-'* P "^r l A'-A T 1 f'^ AN" UTILIZATION IN RtLATinr TO UNO 
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tfTFC'^ nF ^]FfLPF^■T txjrPtFYI-^C ;,/•=: T t^-W-'.T =^ <-■ SLUTHf APOLICATIONS Hfl Tt'F W A T EP - S TnF AGF CAPACITY ANO Yieif^ OF A S* 

NHY SHIL. 
y45l^- CA2CNL'' -72flOl8'V- - 

CATTLF';<TM TANNFRV HAST^^ T ■■' ■- AT It NT IN ' TC^PLFTFLY MIK-^P ACTIVATfn SLUOG*^ P 1 L 0^ PLANT, •CMPHM I -JHWR FMOVA L • 
y^^r- CA20NLP -7?S0173- - 

rH-p/jr-.L ^c-npc'JTICS ni^ niC^STrn SlT'GfS ANC) TH-fIR useful fPPLTrATnN IN HASTC TPFATKENT, *FXChANGF CAPACtTY^CQ 
t TENT*rYANinF* 
^H<:Tp: CAZIMLR -72B017S- - 
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GF*'"HLOreLI A*<;'=WAG'^*TPC ATMTf;T* 
^,451-: CAPONLP -72B0?02- - 

hAST[ -JATe" RFNOVATir-l lY THC LA^f^' - A LIVING F 1 L T r » , 
UH-sT- CA2aNLR -72R0207- - 

nHr<;PHrTJiis PF^OVAL Fcns^ viASTF WATF* lY ni^rCT DnslNG n^" ALUMI^tTp TH A TPICKLING FILTER. 
•^t'^T- rA20NLD -7?B0229- - 

Cr^np PR-lDUCTinri ANr' SniL ANALYSI<^ as AFPcrT^O r,Y AP^L ITATIGNS OF 'TATTL'^ FrrDLQT WA'^TE. 
kJA^T-r CA20NLR -72'*0634- - 

rHAN",FS IN WOinL^NH VG^^TAT [ ir: ANT SCIL"^ ^FTFp SPPAYIN''. LA^GE AMOUNTS OF WASTE WAT^R. 
lj45Tr CA20NLP -72B0511- - 

PFSFARCH 'TFnS FHt- AOVAN'-tl HASTF T^? EAT "F 'IT . *PHn<:r'pin~- US*AL U"* I RON* 
H4ST" CAZONLS -7?H0557- - 

SP^CIi^S '^F FUSAPIH*' I^OLATFn cdtjm .\ -^f^J^ ^ T A ''^T t_ I ZA T I ''N Pf'Nt) SYSTEM. 
m«,T = -i CA?aMLR -72B0196- - 

NOT A l^rP HA<;T'^T. «S FW AG t. - >I. 'l'"iGr * ! ^o I G AT I 'V|y- 
H45T-; r&?Or4L3 -7?00?TV- - 

ni'-iC'Uwn- nr imhuST'^ial rjA'^T-s ! '1t i a f^u^LIC ^rwER. 
HASTES CA7'DM P -728021^- - 

riuin w^ST^s FIR '-i.TRF feoth.f rfo>s.t;, 
J4ST-<; CA?1MLp -7?ROIfrO- - 

PA-; TI AL L I'^. T l"^ /^Ffi": MTU I 7 I " I '^,-" JAG"" 1-'A^.''CS. 
WA'.T-1 Cn2GNL° -72H0137- - 

7:^A'>SP'^">Tp'". -i'SlfS T- aijlir- i'ML^^,. *■l•^TFCIA*^^L!Flt■■^^';AL'^'^NtLLA«':'-lrG'"LLA<'OF^J^^$YLVANIA* 
WAi'^i ^^?')M|F -72ft001ft- - 

$P0 ftY 01 Si'OSAL HF -I ri'^S T I r ^ A^ f'S . *S ">'! I UM'^PA*: ^ ■ IP ■= '^ W :i N" L A'- ^ S* 
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i|-i*rr.n-ii u"*FcrLi(=^'iT* 
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CftPONl -72R0182- - 

CflPONI -7?B03 79- - 

P-'l>i-^M f- Hrr.H '■■-^flV { '-.T^-'iI i.'\$TL'" r f. ICf'. «'SLIl■l^^ t'^nir !TF*WHCY* 

CA2C1NLR -72B0239- - 
W-Tci. r..'( A^,ATTn^■ A'lH iTFII-^: tC'^'SAL. - '. ^FOjur TJ TMf llTH rNN'JAL CrNP^PfNC^ MF TM^ fALlF, SFHAGE 6ND INPUS 

T. WST^S "Sf-'C. 

CA2CMR -72B02«1- - 

KMAMftTi-Nj nr wfti-^" FP)M srwJn"^ *,'in I N'^DfT? ! M Hft'^T'^S IN LQS tNG^FS fniJNTY. 

CAZriNlR -72B0296- - 

pfu r IF I'lIMAL HAS^tS T *J A"'' IC'HTiJO fiL LANr- ^UN'IFF, •« AT FP ^PDL LU T I _"l'l • 

CA20NL° -72fl0298- - 

a COMPniri^ wrOFI t- 'f STH^AG^ *'J' L A'ln ClTSfC^M HF /NIi^AL HflSteS, 

CA20NLP -725040<>- - 
TUT cpFfr-' HF L IHF-r J^ TAlMNG I "HI iS To I fl l WiSTfS PN GPHWTH ANH TEVFL'^PMrNT HN S'^VERAL FARM CROPS AND PRODUCT OU 

AllTY. 

CA20NLR -72B0417- - 

HUMAN ^Hr tNl-^Ai wast^^s as ffktilizfrs. 

CA2nNtH -72B0A18- - 
PATHOGEN SIIRV'VAI IN riMPnSTINC, "MMCIPAL HASTES. *S Al HONFL L A*CCl I •^nPM*SH IGEL I A*BACT ER I A*A SCAP I S»ENOAMOEaA* 

CAZOMLP -72B0A61- - 

USING npr.A'JlC WflST^S I^ Ar,» I CULTiJF = , 

CA2QNLP -7280*47- - 

UTlLIJATinN ^^ MUNICIPAL CPGANfr WASTES AS AGO I CUL TUR F FFPTILIZFRS. 

CA2rjNLP -72B0432- - 
FFFFCT IF IHBir.ATinN WITH WASIFWaT-rq HM TH^ WATtR ECONC^Y HF THP SOIL. 

■ CA70NLP -72B049A- - 
INFLUi^NrE np 'lOMrSTK. W&STFhATFP P"? r^ TRL' A T Mr v|T 0*' ? n J t. CLOGGING. 

CA20NLP -728029^ - 
VIRUS STlintFS ON THF WlNHDfK WASTFW4TF3 RFCLA^*ATinN PLANT (SOUTHWEST AFOKA), tENTE ROVI RUS*flEnV I " US*ECHOVI RUS • 
cni. rFnpM«flACTFP i A* 

CA20NLR -7280099- - 
A STUOY HF WASTFWATFR t^RIGATItN thRDIIGH rnwPDTFR SIHULATIMN. 

CA20NLR -72B0086- - 

A P=V1FH nr LITFPATUP'- fJF 19S7 ON WAS^fHATFR AN!) WATER POLLUTITN CPNyOL - HASTFHATFR TREATMENT - SLUDGE TREAT 
Mf-NT PTSPOSAL ANP iJTUr/ATinN. 

CA2GNLR -72B00B6 

t PrVIi^W ^^ tlTcuATUBl OF 196' CN *■( AS T "^ W AT r» Arp WATFo POLLUTION CONTRTl - H*STFHATFR TREATMENT - SLUOGE TREAT 
MFNT niSP^SAL flVP UT1 L I7ATI 'IN, 

CA20NLR -7?a0030-« - 
pilRLI'" ATTiruHCS THWAPI US^^S TF Q^CLai'Tn rt A5 t rw AT f p . 

CA20NLR -72B0l*T 

CHFMirfiL INTFRAGTIONS HP HASTFWftTca m a ^cjl EriV IP ONHFNT. ♦LEACHING* 

CA20NLR -72B0168- - 
IDPIGATinrj WITH RFCLipi'^n WASTEHATco. 

CA2nNLR -72R0523 

A PFVIFW OF THF 19(^1 LITFfTAT'tPF ^^ WASTEHMEP AN'.) HATED P'ULUTICN CONTOOL . *P EV IEH*SLUDGF*LA ND* PHOSPHORUS*Lt NE 
*ALJM*ANALYTICAL* 
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pi^GRA TA TI^^' Pc HASTFi^tTfR ''jPG\MlfS IN 'J'^TL. 

fHAVGC". IN WOnOL'^'^ V^^GETATTON A^n STILS tPTfo SfRAVINQ LARGE AMOUNTS OF HA STF HATER. 

CA2nNLR -72B0S21 

/ RHVIF^ nr THF ]9hn lITEPATuPF 0» WASTFH'.TEp ANO WiTFP Pf.lLUTICN CONToOL. •R EV I EH* SLUOGF*L AND* PHOSPHORUS •! I HE 
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IS'rLfT: y\ if oiT'"'''T I -.li Y DATrilGFNK FUNGI FROf* PPLL'ITFp HATER A^■^ SPW*'.''. * A SpE PG I LL US*'^0TB Y T I '. "FuS AR It,' « - 

CA20NLL ^2B01iS9- - 

FEasIRJLITV CF PAPIOI S'lTOPF X-PAY F luoP C ST t rjr F ANMYSIS FOR MF ASiJ" I NG W AT »:p POLLUTION BY METALS. "ANAI YT IC Al ♦! 
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CAPP'II « - 77BO0S4- - 

^sr-'- rfi?nrii> -7?boio8- - 

H(V-!Lr CAZrNlo -7->B01?3- - 

^■.', T' o ;,'J(>| YSI ';. *'"''.''L YT rCAL * 1:" T Al S^ H ?' H 'IT <^ S"* M ■>" '' T ^ \ «C . i^. '' . * T . "• . T .* 
HAT^-; CA2nni D -72R0lt)5- - 

f ^(.MnrjrLt '■■ IN I ° ''''".' T [ n hiATC", 
W4Tr; CC?nMLP -72B0M0- - 

I'l Ti ■"".Tf^ -iI5p-n;/iL HF PinSPHATc P u . M WIST w^TfC t}V PFC'V^Y aS TE " T 1 L I 2 ^"i . 
jAT=-i CA?ONLP -7?<i0l06- - 

QII4NT ITAT I VE "STI'^ATinN ^F S* LMD-i' L L A IN IFf^IG^TICN HATrp. 
HflTrP CA2PNLP -72H0111- - 

PLANT FFt^L'TNT "inLfx epn \ Dp ic.\T } V, WATf^, *^IM '".'"* 
WAr'=' CA?ONLO -72B00S9- - 

PFHDufTli"'! ■1'^ S'^AIL GC.'.I'iS PASI'tO" FDCAr.F LiSI'"", '^r.^jfr EFFLUF'JT &<, A <^nuPCF Of IPPIGATIUM WATEP AND 3LANT NUTI 

HAT^" CA20NLR -725028^- - 

SI r,N! FICAN'"'^ OF MINC Ptl S I M W AS T" fr-W AT FP . 
HAT:p CAZCNL^* -7290287- - 

US'^ OF Snit LYSIMCT^RS I 'I WAST '^Ay^R P "^f L iMAT I 'IN STljniFS. •SFWACF* 
HATE" CAZnNLP -72f^02Bl- - 

M.-TAL C INTENT IN SI I1D&F FRflM WASTr -;i TF = TFLATMFNT .'»L4'!TS IN THP SU=lPOUND INGS OF CCPENHAGEN. •C HROM IUM«MANGANB 
S'^*NirKPL*rnnALT«ZIMC*f An'lKJ'1*CGPPE''*LFAn*Iorv* 
JATFi^ CAZnMLP -72B0296- - 

priLE OF !■ M «flL WASTS fN Avii^ irui Tip flL L A^"^ RliNPCF. «w4T^R*P'"l L'JTION* 
WAT:^ CAZONL" -77B02«l- - 

PFCLA'^ATIflN riP HATTp FP^M Si^warjr AM'l I'lriUSTOIftL WASTFS IN LCS ANG^LPS CnuNTV. 
WATF.1 CA20NLR -72fl0235- - 

IMF FFPc;rT CF S<^W10=^ t^ATCP HM TH^ /TFLO AN'- QUALITY HP GPASSLANT. 
HATt'' CA20NL« -72B0237- - 

WifH ANP NitTPI'^MT "ALANCF OF A PASTUPF UN A LIGHT SOU IPRIGATED WITH MUNICIPAL S'^WACE, BASED Z^ LVSIMFTBIC | 

xPt^rMPNTs. 

HAT-^ CA?aNLR -72B0239- - 

kJlTcP ccrLAMATnN A'jn CFFIISF ^ISPCSAL. - A ?F'>'.-!PT I 'J THE 13TH ANNUAL rnNFfPFNC? OF THF CALIF. SEWAGE AND INDUS 
T. WASTES ASSOC, 
WATF-1 CA20NLR -7ZB0315- - 

PrPTRT 1\ riNTiniUFO STUriY [IF VIAS'"'" WATFP RFCLAMATIDN A'!C UTILIZAimN, 
HATr'^ ■ Ca20NLR -72R0322- - 

PUBLIC HfALTH ASPrrT*; ">= WA iTF VfA''-° 'rUIZATinN I "j ISFA^L. 
UATra CA?nNL'' -72B0336- - 

OIF NArHWIPKU'lG Vrvi SnirFf- '■'FTM LiAL TI r f « iPWA SS F "-KL AP SCHL A MM INEINTM PFLnVFBSIjCH (THF A FTEH -^ >=? EC T OF THE TRg 
ATFO SlUnGF OF WAS'^F WITF'^ ClMTAfilNG MPAVY IF T£L IN A FIPLfl TFST), 
WAT'^tv CA20NLR -72'103B3- - 

I":^' IGAT If'N WITH '■'A';TF .■'ATfF. =^T')X'^!TY 
WATf ; CA20NLP -72B0358- - 

I'lVr<:TIGATI 1^'<: fiM T,i^ SpP'AH 'if ^/rTP")' r.AUS'r BY IRPIOATIHN ^ITH WASTi^ WCTFP. *VEGF TAIL F S'CDL I FORM* SA LMONELL 
fl* 
MAT-:; CA2nNLR -72B037S- - 

iJTf LI?Ar!^'N <-■= •'K c-i r.^-i^r*' '.l'"-^' r i^- TP'-i'.TM-"T np [MDUSTPIAL WASTFC no pOILHTFD WAT-^R. III. PFSIST4NCE nF LIVE 
rnL"^!:LL^ IN "MlL'ITfn WATE^l- ^i iM/iriTv nr SCM^^ IfAVY METALS. 
W^T^? CAaONL" -72B0374- - 

STipY nr ijfST- wfTcp prri fi'i'T 1"-.' 'I'n ht u. izat ' i^, 

WAT!-^ CA2nNLP -72B0^75- - 

MTIIIM''! I'; tr MTfon ^-P^^^; ^[ r,t[. V^o, rRr.lTVFNT of INnn^TFIAL WASTES HR PntLUTFP WATf.P. III. RESISTANCE OF LIVE 
CHI.'-PrLLA !N o'lLL'ITrp wAT-f T| TIXIfiTY f^F S''**"^ HTAVY MFTALS. 
■^AtF ■ C«'rNL« -72B03^'V- - 

r^I"" ^T = LLi!"G ">f p ^■*;4^«:^e'?p'l^p^ ^n.fv.tinjr.r, ^lS f- G^^IMiTH^'rip -iLR ^ ^wa S SEH » " I N! GUN*". "Nri "^p '^O'Jnc rnI SSE ZU IHR<^R WEl 
TrPf^I-.'TiNlCKLDNf. I" OEo T^B, (S'^^AGT niiPlSAI OY LANO T-EATMc^t ft wrQULAR MFTHOD IF M/>TfP PII^ I t^ IC A T ION, If 



/ .ni^'" ■rV!-.- f- II 111 CA?CNL° -72^0<i80- - 

"*T" ,,,.,,,,-.- ..y,.^. r. T..^ rrr.iLr.-.T- ...^ ^ ■ .^ V I V L 'T --.T^'-'r, a A TM^^l^N I^ , /-.VD " "^ L .". T • V^ nFGANIS-^S IN SOIL. WUER 

•"^T- ri^onsM ir vr-rrr-^L W^ST^ wM ^ !> thpim^.h pmp..,- Ip=!VTI.-n. -o. ^,^:syL7A•,M' M T''rGEN*PMClSnH(.RiJ5*'>-lTA SS lUM*r iLCl 

""'* F.rrcT 1^ IRPIOATIPN wITm .,^^-V,',tcp -.v th. W-Trr f rn'i. -.lY IF TH^ SOU. CAZHNLP -72fiO«2?- - 

**"" WATco OM.LITY FPn. THE .r ViOPMl f r .r nRlGATir.. ^ S :n I UM. M^^n.. H f AP^nM^T t *■= A L ! M TV * ^^^^^^^ ^ _72B0479- - 

^""' ,,,„.T,,,, p,y,p^ -,-. THP rrru^r.fNf-^ A'.n M.PVIVri PF ENXr^^ir., PMNHGENIC, ANO P^lAT-^n ORGANISMS m SOIL. WATFR, 

^ ^ ■ ' ' ^ ' - "- ' ' CA^ONLD -7260*51- - 



HAr=^ 

WAT. * - 
i*4Tr-"S 

WAT^^"; 

«J AT - "^ 



u, c«■,GlJTC|lMT--■;urHuN'-,r^ V )N I-n.jcrqiFLL'^^' 4flH«SS=PN FUR 0!E 4-^ W ASS-^PL ANDRFHANPL UNG (ST')OIES DM WATER QUALITY 
"'-nF^lVlsI-MY SFWA^F V^ lit- IV.Hl ^F cf.ACr OISonSAL ^Y LANH TOEATMCNT. *HUNGARY*SOO!n«-. SALTS* 

CAZUNL" — (ZOU**ll— — 

DPLU'TinM nF |p=ir,«T,n- wfl'FP^. CA20NLR -72nOMO- - 

OF THF rFHYHPnr.FSiASF ArTlVITY 0- figU/^TK BarT-.RIt, THEM GFHWTH, AMP R.n.O. UNPEP CONDITIONS INVOLVING T 

HE Acn IN -F INH^rANIC MAriri '^^TMNFp I ^' !f|nMSTPIAL WASTE WATERS. -C AO«I UH*C 0PP6R* COBAL T -N I CK EL •? INC * 
Hfc ACTl IN ^ i^JK.,«-j[i. CA21NLR -72B0363- - 

rmiTfiMTNAMnN r.f S^U '^V ^ '.^-^ ^F HrL-^P'THS n '^I'-LHS HF thF TITY <^ K-^PMNIfil !RRIGATEO WITH WASTE WATERS. 
*- ' " i^'^ 1 J I •■ > CA20NL0. -72B039?- - 

PH'-S^Hnoii^ IN 5cw6r-,P PHLLUTFI WJ-TT^S blUOr.FS •*.,"□ f F FL Uf- NT <; . *R= V I ^H*NT TR HGE N* 



CA20NLR -72B0388- - 

M war."'"' nxTriTY r"^ wv^tf wfTcp^ fu-v- MrNi^T- and "- tali U-.G I r al PinuSTRIPS. ♦rnnpeR*LEAn*?INC* 

AN jrirxn^MSIV^ "IPASSAY A!'>rn M THT / r,D ] ruLTll'^ A L MS^TSAL OF WASTF WATERS. -PLMlT S*TOX 1C*GE R MI NAT I ON* 

r\ri in,f. j:.iv jj CA20NLR -72B0233- - 

I^FLUFNC^ GF SEWAGF niS^DSAL 4Y L^NO Tt-FATHCNT PF WATC^S. «PaLA ND* DHOSPHni;US*R^MCV AL* 



\ '"^'^"-'^^ fHANG-^ IN rniL PPnPF-'TIc^ A^ ;FF.= rTEn "Y l^PIOATinN WITH WASTP WATERS. CAZONL" -72B0370- - 

** w A r .- " <; 

) WATT'^S 

HAT=^<: 



wsTi:<?s 

WAT'^-'. S 

W^IT^'T JT.J!'-<LI|N' 

WFLL 
Wl""! 

i^H' ^ 

WH"Y 

y j-i- - ■jor/'^ 

W1"L< ■''11- •< I 



CA2nNl'> -72B0060- - 

VIPLS r^AGTIVATION PN Cl.AY PAPTICL'-S 1-1 Nfl-'MPtl W/'T'^PS. rA^nM.D 7->Bnii^s 

CA20NLK — rZBUT^a— — 

^ CA20NLR -729035^- - 

ni": '^Triin-ir hfR APWASS "^pp ItlE'inrhA-inuU^G alS o FGEL^•ETHn':)E nER ABHASSEpa E INI GUNG UNCI ER^OROERN! SSE ZU IHRER HF] 
^_P^-,^,-„, ,,„,,- ,M r,EP nn6. (SF-iAGF r>,=;Dn5AL «Y L A NP TPFATM^NT — -A otgulAP MFTHOP HF WATER PURIFICATION, IT 
- 'WM-M^ CA2aNlR ~72n0333- - 

^.^ ,^,^^ FPAfFN ncj GA'IZ lAHPir-- \RW ' «; <; -F L AmP P 'lA^nL MNC SdW!-: CANZJAM'^ I~,F RFwASSt^PUNG SCHHEPFR HOOEN MIT KGH 
H.ir'fll F- ArJasS^P" ^TPC^NI^^L rn^STin-i^ orMTF-^ with Y^Ap-ohi-MP land TPFATMF^T OF SEHACF EFFLUFNT AS WELL A 

CA20NLR -72'1'3092- - 
rrprrr r^F riTV S-^WAGf --FFIUFM C',' TM't yILLT t \'^ QUALITY PF GRAIN FPO** PARLEY, '^ATS. ANP WHEAT. 

CA20NLP -72P0369- - 

PlJ^Uir MrALTH '^ I '^M F 1 f ^ NT f PF SFUAGr fl'inGF t-'H>-f USEH AS '^ FFptuI^FR. 

CA?nNLR -72B0212- - 
CHWr.rt -] A-,FiirHFMirPL A'T t- i , .l f iG IC AL "^PIL ocnnrcTI-S UH^r. IpaiGATICN WITH '^FWAGE IS USED. 

CA2aNL'' -72510329- - 
fMSOrSn PF HIGH nPGAMK r|P|TE"T i-lSTfS nr.' \t^n. *SLI)nr.r«^,iJLr ITItWHPY*- 

CA2nNLP -72B0426- - 
trr^TT ic r.i:r.:-,.>anHirM_ cyriPP'^ I.. 'I r.tt i..inF'ncFrp Al,^ I C ML T' l^-" AL USE TF SPwAG^. * ! F d I '; • '" nN*i). S. A . •'^'' I TA I N* PPL AND 

CA2nNl ° -7 2BO*?7- - 

Fi-WftGF F^PMI^G AT iSTt-iW W I ^ LK )P1LSK [ . 
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WI' i"'" . 
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W'H P ; 
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«PLY-( 



,.. .c ,T.|r. < |,^ TH[ ,ji*iH'-« w'^s' -/-Tr: i ' ( i ' •■ 'i ' cl-'" (S'Mhw'-'^T ^--Pirfil. ♦ t ' t e tnv I ^n^* P c ny l ft i !$• f C HOV I BUS * 

<■ I 1 1 f ' 1 Y I ■ ■ c t f.r "' '^ ' T tj I ' M f ; . . 

f A^PM e r?B0*.S7- - 

CflZOMLF -72B0326- - 

PT 7HnLP JAHPIG""" FP"- ri A*l'''V'"P''-Mri| ?ij<^ yici'irir, v"-*! ■"JLl-UN"' M t'' *^OHL AM MKO«d^ST f^N , STALLMJST UNn STRCH ftUF FBTRA 

r -I'MFST-TT-'i'in in^"«'HAi'S'ir I ■^ nf^ Pm=\<: (f t^tlvf-vao ci^lo tc<;t hn th^ effpct hf oFFiif'^ compoS'S and $ 
'' CA?n';LR -7?Roou- - 

f MA'lC "^ If '"y"'- n-'T -)I<:T5 Ikmt; )f . ITHI- TH' -■- S^II 5 A"' ZINC HO-AK.": t»V fl-LO WCANS {"A'lSm PY r^t^CO-PHSING GROAN 

jr MflTT'^p. 

C420NLR -7?B02*f6- - 

MTT^L cnnTAMpjATl n-; np e n J L I ^: wn4') = \ ' A" x I T-*-,; ^nt 'j f XP '^'- 1 ■■■ ENT PPSilLTING ^^P"" APPLlCiTITN OF SFHAGE SLUDGF, •C 
'^K/LT*r HP"MIMM*f Ofn cp, •yLiLVWO?* ''M*r If K^-L *LF AP*ZI "f * 

r,A20NL'> -72R0464- - 

The wPPMCr] M/ip»f CT-r.A'^f"^N h:<Pf ^ I '^^''■■^ : '■-li-'vA.iY I'S'-'.-'.J. 

CA20NLR -72fi0255- - 

WYMKI "'SWIA^r^rN 7 MMjof-NlFMlc-i ens, I^, ;iPrtAW*:Yf>^ MICJSK!'^! WCPAMJ SCIFKOWYMI SYSTPMFM SMUZNYM I BRUZOOHYM W 
KAi^I-^'lCJ i-JPOrLAHSKIM, (PFSl'L^' TF TDI-|^ jm K/Ml^M^^C .^PnrL^HSKI ANO IRRIGATION DF CROPS HITH SEWAGE). 

C420NLP -72B053*- - 
CHyv^r.c; Ml wr-DLfi'in VC.CTfTinM "-in ST'LS ^^TF^ cpr^YlM'". Li°GE AwrjuNTS TF WA5TF WAT?B. 

CA?nNLP -72R0016- - 

cpcfY riSP'isAL ^F '■■r'»FiTir. WASTES, ♦sf'"' Mr'''-pA^Ti)'<'" '.^ncoLAfins* 

CA20NL(t -72B050S- - 

PU'^TI-in ':'"WAr'= SOLT"^ BACK T) V'POK . 

CA2DMP -72B009f>- - 

GFSZl'ir, CATT|C on SEWAGE FAR'^5 A-JH ni^P''";fl| WT'CkS. 

CA20NLft -72B0243- - 

P^'^TNTML I Tl ES '^^ oql^r7nr,'i.\vn' C. T '■ '" MM G' If S Fnp S^^t-A^F ^^Rk S ANALYSIS. 

CA2PNL0 -7260203- - 
niF AflHASSFPS'"HL'*MMHFS' TIGIj:iG nES ■^IJNrHF'J'=F KLAFWrF<S '~.PnsSL A^Pf N I THE SEWAGE SLirPGE REMOVAL OF THE SEWAGE TRE 
ATMCMT wO^K^ ^F GP''SSL APP"*! '■r \° J'MNirH. 

CA20NLR -7260209- - 
[>ryf( |0'>Cf T^ iri SLU'^G'^ TP^^AT^IC^t ' l'^ r-I^oT'L '•'^ TH^ "'^PLf L?t)CF ^^PKS, ENCLAN':), 

CA?nHP -72n040'i- - 

rrMOrisTING APOUMn Tt-c wn^Lr^. 

CA20NLP -72B0302- - 
W5TFPM[ HfiOAMA ■in/LWSCT 7 AS Tt S' ><AH] A rnripny K' u ^L M A^J YCH HHYCM HP UZYZNIAMIi GLEF P I A SKOWYC H. 11 . WPLYW OOP 
A'^" ■J *IAWZ'^'"ST I DLJN'^'WAN"^ wt^lIN W w^frriKACH P'1L"wYCH 1 PRF I I "^I NA^'' I ^' V^^ STl GA T I n*JS t^N THE POSSI 

CAPONIP -72B025S- - 
HYMKf iJOSWIAirzrM ; -AHOON I ENl E ' P-^SLIN Uf3AW'''vrti MI^j^kmI w'lrAM I SCIEKOWYmI SYSTEMCm SMUZNYM I 6RUZ0OWYM W 
KAMIi^'^iriJ ^P-^ri MJSK I"^. (PESJLTS OF TPIALS IN K.'MIENIFC WfinCLAHSKI AND PRIGATIQN QF CROPS WITH SEWAGE). 

Ca2nNlR -72B0255- - 
WY'MKI f^dSW I AOr Z[ N 7 NA'-J'inNI EN IF * '-•nsil'l iJPDAur'Vrr ■■IIFJSKI^I W^nflMI SCIFKOWYMI SYSTFMfM S1UZNYH I BRUZDOWYM W 
<A''I-MCll ■J'"^'"|_AW<;'<i ■^. (P-^SULrs OF tbi«lS ]K ^(^"TFMEC "^RnCiAWSKI AND PRIGATION Of CROPS WITH SEWAGE). 

Cft20NL0 -72B030?- - 
Wt^rrp-^jr "ftf'AMa «"7l!W'S'"T Z ASTOSn^J AHI ''. TiPAnn^j K"P At "I M'. YC H CHYCH "O 'JZ Y ?*■: I A NI '' GtE^ P I ASKHWYCH, I 1 , WPLYW OOP 
.\'!n.. fMwz"''ST I Dl '"inwAi"! F "-lirLr^j y WAPIINKACH PTL^'.JYCM ( PREL I "^I "JAPY U^VE ?. TJ f.^x JINS '^N THF POSSI 

rA20NLP -7280113- - 
THT cprrrT HF I o^' I ~, f T r nr; viTH T^'-JN SF"AC! [ '^ VA " I r U bL V FfPTILI^EH H ANr-t_ L -WUP Z ^L AN SUNFLQWEP GROWN FOR FOnOER 



w/f. 1 './y'i r \-4r 



WY'lI (I 



Y ■ '. ; r 



rA7rNLR -72B0257- - 

r.'ir'* r ;<■ t ^rL'lir^" WY<""^ZY^T rsil - S'll'-MV ( YF at -Pi-j'jO utilization TF SrWAGt FPf AGPICULTMRAL PURPIjSES). •pqlan 
',)-»F'1t--(^S T* '^L iHG'"* 

CA2flMP -72H025'i- - 
.^y,|^, T"9wiA0r 7r.., ^ ';.v -.1 ■■! •- •. IT'^ -• "-f 1 "-■ -IPPAvjf YCH ■'T = JSl*l'^I k.'l^A'^I SCUKn^YMl SYSTE-FM S^UZNY" 1 RPUZDOWYM W 
" A' f " ''■''U ■l^priiM^'C". If^S'lIT^ Tr Tri'ts I* KA'MF^'ir'" '-■TCIAW'^Kl A^in jpoir.rtTjrrj pp CPHPS Wl'^H ^i'^WAGE), 

CA20MR -72pr»K59- - 
Til'- - Nil 4. t 'T I'^f.i T yr-m fiDIJL ^■' 1 INS !^' A S'^WAl-C ■":■ r b T^ r M'' PLC^IT, 
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f r lonSTI , -ir-w, T..- 1 b V. . M- CA20NLP -72R00 18- - 

,,fP,,, ,, ^,,^,Y ..,TtL !-[.'. r. T',' OP,-,/TH re m, r, ^ p. .:^r. , m S- S . » ? p;C- S K K -^L *^ "^ H ^ -f OPP f ="■ Bif.T F M i* YF ftSTS »«OL0S • 



T IX 1 1* • 



CapOMo -7?B009*- - 



rrf^CT ^r riTV Sr..r.. .F^ll-l^ .. r^F > I ^L' t-j Cn^LlTV nf .p M ^ ^^r.M ^.R^cy. OAT^, ANH WMEM.^ .,200053- - 



li.- [rF=r' ilF AOPLK'TIP'N HF MFF'-'^M TII 



\GS ftl D WftST--: "iTfOULr- ON f-'"'^ YIFlO. 



cFrcrT )- U-T0F4TPD. -FCM'.ri ! <- f-Ll Y -JRIM'^-.. '.^'- MOLnr.lCMlY t^pat^p c.^V',. ':^ MELO YIFLP. ^M TRllH EN*PHnSPHOR 
US*cor,,siUM- CaZmiP -72B0235- - 

THT FFF'TCT -IF Sr„^;,r .VATFC n^: THF VIFLP A'jn QI'MITY fT GP^SSLAV'n. ft^OMP -T2B0ia2- 

fPPFfT HP oiFFFftFrT ouT=EFYI^;,. WJ t ^'^- -ifi T"^ ^' ■:LIT,r,F * r>p l I f * T I CNS CN THE g 4T " - ST ^p A GE CiPACITY tND YlfLD OF A SA 
\nf <:01t. CA20MR -720033*.- - 

Pj-P^j.^ ^P IRPIGATnN WITM r^FWA-.-^ ^--FLHF^T h'J THF YI^LHS AND F ST '.RL I SH'- ^NT QF N& P I F R GPASS ANH JAPANESE CANE. * 
MITPH'-.^N* 



CA20KLP -72'^0079- - 

CA2HNLP -72B03AO- - 

CA20MR -7280337- - 

CA20MR -72B0C85- - 



rprrcT 'IF F iLT'^p-pcFS'^. r^Kc n^: cr^ yulps Afi^ -^'lu pc'-'pfki res. 

THT f^FPfT HF SFW^nF SL'IOf.E, C '")"" ' ^^ T ET' CFFUE^ AN^ AMMns.lfi LIQUOR ON CA3PAGF YIFLOS. 

UTILIZftTin'i HF 5rwfir-,c SLUPS'' rp-^ TH^ ^F']"HirT i!F TOPS'TR. *NEW YnRK*SF'\ TRANSPORT* 

NFu y>-K SLUCO. '■^n^S T. SF= - 1^ ^n ...k^. ^^^^^^^^ .72B0302- - 

WSTEP'JE h'ADAMA "n/LlW-SCT ZASTr'^-MHM nnPinpi. KrP\L IMMYCH nWYCH DO UZY'NI ANI /■• GLFF P 1 ASKOWYCH. I I . HPLYW OOP 
"Onu 'JAy7on^T l oi tmpw AM c f^ncLiN w w^nUMKACH PUnwYfH IPR'LIMTNA'^V I N VF S TI GA T I ONS ON THE PCSSl 
" CA20NLR -72B0Z77- - 

PnLflf:t'*,P''PHIC ^FTFI'-'INATirN HF v.rT.iLS !M -^^ ^Ab' A-O S-^WPG^ SLUHGES. * AN Al YT 1 f.AL *r OPPFR* I RnN*CHO C^ ! UM*CA OHI UH»N 

"^•^^l*^^^''* CA20NLR -7260281- - 

■^FTAL C3NTENT IN Sl'inGE F^hm gfi^Tf HA^Fi^ Tt'^J^TMr>,T PLANTS IN THE S 'JP P"MND INGS Of COPFNHAGFN. ♦C HRf?M 1UM»HANCANE 

^^ *' -^ "- '- CAZHNLtJ -72B0299- - 

S^W\r? SLnnCP as FFRTILUEI. *NITP'1GF*;'-Pm?0HnpijS*P :'T^SS^J'^*^.AL'■IUM*L'^^n«'*AG^ESI'JM•C0OPFR•IR^N•4LUHINUM•ZINC•A 

RSFNtr*TA''IIJ'^*S!JLPU='*^'\^'Ga":'^S'^-*TI';vi|T H fMLTP If rey-^L FP'"-* 

CA20NLD -7 2R03 52- - 
TM^ EFr^CTS PP TPAf.F FLF-1PMTS Hfj Tt)r rXHAUSTin?. HF St W AGE - I f P ! CATE P UNP. *F R ANf F*GFPMANY*CODPeR*Z lNC*TOX I C IT Y 
*Mt*|r,AMFS"*snni i)M*f"miLT*'-"DLVt"i-NUM<''<nPf'M* 

CA2nHP -72B0371- - 

rr-pirv c r A r T 1 f "iS n^ 7 I Ni" ^ITH rcrANK ■'^""TFP r^TPArTF't FPn" SrvtAG*^ SLUDO"^. *PH* 

CAPHMR -72B03M- - 
..-.MiriPGA'lITc.. -s A %r'\\^C- ~f ■M';)c Ni)TMF--'T FLL"''f.'T<; r'(F PlANTS. * IflR r ';* nPP F" «" ^^'".AN FS ''*2 KiP • 

CA?nMLP -72n03S7- - 
Fpi nFiTHflr 7MK ^"-'l iJf'SACMF" ^F"' M •= S ri 'III n [ ",K r I T V.ri r^noF-; ICaUSFS C^ S^HAGF SI'"K^■?SS I"' SOILS). * 1 RG N* Z I NC*CO 
por-^-y PX 1 I" ! T Y*''VA''J I IIE *L 1 '■'F ''T Y/. Nfl M I ."IF * 

CA2rNLR -72R03 70- - 

ii- T^xiriTv rr wi'^r*- w.^Tc^^ f^ if ■•ining ^^■n «' '■fiLL'J^r. ic al inhmstrifs. *rnrr fr*l -^ ati-z l':c * 

PA?nriLR -72B02*6- - 
"^T.n PTJTA'M^ir "^r"' '■*" S UL I' VIMTN l.'.QH"-T-r;ri^-', -xPFt-I-^P^T PESMLTIN'. PROM AOPLIPATDN OF SEwaOE SLUDIF. *C 

C VOr LR -7250267- - 

}' r \-.i.r,r I- I ■;T PY ''P il ^ M f I "" AT I '"I "'^ ■.■! f-f^ST :r- ^f^j,.',- ciimr.f- ^-viFr, tg "^ 1 1 L . •PPr^ P ""* 7 I ^lC*"'A NGA'"^ SP *ChRC M 1 1) ^'*AMM 

r/i-Jo^LF- -7?R0247- - 

T^Apf ;l-'''-'jT t>i:'-')\'AL r '' Ji^' Sr- (■■-i'-.^ ^=C|fif^' ny <;i'ii FiiT"'TI:iN, * I P nfj« v (\n r, AMp SF*h' I qk c l* CCP"FH *7 I NC *L E An«C ^TM I U" 
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'MC."''N'jr-l \T 'uH T'f'f.. >►-'■■! ■ «■ top' [^-vj >i •.*••«>;(. A'ir<^i: .■.MHL Vqpf ■Jll"' 7 INT* 

rA?PM » -7?R()Aq2- - 

.sp', ro OT [•■*( Jf ^f I '"."IS ')'' 'IKP'^M""'; I'NT^ I"; fHIlS. 'CJP"tCZI^C*H^^':^*M^)L'|"^)fNU'"'!''^^•^'A^04^JESf.• 

CA?nH P -7?B0*=10?- - 
ni SPPS'-L !•■ I* rJir !PAL r'ASTF WiTTo THf^nnr.H r ^''^ ^^ ^T I CD I '. ATIT-J, * P*: rjN"^ VL 7 A'' I f-'^ M Ti-' DC, t f^* PHHS PHPRUS *P IT ASS IUM*CAIC I 

C420M P -7260410- - 

c,T^T "t^ THP rFHVncTii^'USf ACIVITY nc f:ineT\C PiTTCDiA, TIEI- GP'^WTH, A'jn P.n.n, IJNOFR CCiNDITIONS INvniviNG T 
IIP \. TI'iN^tC I'i'oofi'.iir M'VTT-'^ ^''l^^T ^ [fjcp ]M J fyi HI S 'f = 1 fll ■'^•'^T'" HATPO^. *f A OM I i|'**r r)P"F R *C nQfl L T * N I T K TL* Z I NC • 

Cfl?nML« -7?fl0399- - 

IM ""f ^^T nr;s f^ETW^E'. rl uf^-f~,urr ": aigaf a'ih Hr»,\/v mftal*^. «^2 i NC*NiCKFL»r \nMKiM*nppF««SLunof * 

CA2nML'' -72B0430- - 
MIC°n^|llTP IcfjT>i I»^ AGO ICUL T'JPP, *riiPPFl * Z I NC * I "^ rtitpoBGN* ''^^^G ANESF* MIL YflOFNUM* 

CA20NLP -72B0431- - 
r'-PKCCTIl'j OF MirPCMilTRirNT nFFlCIFNCirS WITH crPTlLlZ^CS. *B T* CN*C OPP"? R */ J fi C ' I P QN**'ANGANE SF * VOL VP'l =NIIM* 
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CAZPNLR -72B0051- - 
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PN"- 1FT IVATrFisni-",! ST^n*! 

rA^pfiLP -72*^0073- - 
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'Tf '-, K.'i T '■■i'-'?r, V- $1- *'-H!nr-'ti|--^'nx fi; 1 i ;'.i'--'^P'ix in^.T ii-r'«v."A'niri*Mni y°'"'^ni)'« 

'*A2("L'- -TPHJia'i- - 

rn'^TI -ll'jr, --iP "X IT Y "F ■.■.'A-t-''''?IC 1 T ">E S^;^ '- Sl'iP"":^ P'^' (ic f VV "F Tyi ITlS, ''dPr''^ ^ *M C KE | * ; [ Mf t 



''■'' F'aSIHUITv OF ^AnniS:'T-P^ X-'-Tv rLUtr.cf^CF f'VLYSlt. "^nc MrfiSUPI'lG ^ A T re prLLUTir.N bV -fTALS. -ANAL V T IC 41 ♦ I 

Zl^'"' ^,,, SnL'.'MlITV PP HrAVY yrTAl MV<v-XI-'S I^ wAT.c. sf^iOr AND SPH'^'i'-' ^Li-nGP. II. Thf oPFCiniTMinh OF -ETALS -^ 



M.TALS If MMNKTHA, ^r'.r.AUE ^Y<r,T-S. .f H^r ■■ , „. " 7 1 NC *r mp^ R*M C K- 1 «l E A-- ^Nf, A N^ S r *T , T AN lU- *^^^ ^ -T^BOl^- - 
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CA2nNL» -72B0203- - 
TuAfF Pt.E-"^NTS IN •^c^a^'- SHnr.5. ^ZINr^fH^f •iIiJM'rr,P'>rp*MCK5L*T IN^SILV^P'RI SMUTH*LEAn*MANGANt SF*VANAD!U^1*T0X1C 

'^''' CA2nNLR -72<^023l- - 
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Cfi t nUL ^ ~ T 2B05 c£~ " 
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THF aV'\ll\«niTY OF fR, NI, 7N, GP, S^, ANP PP ^^'^ "M'Tc,, «r. HR DMI tJM*NI C KEL*Z I NC *f 60MI UM*T I N* LE AO* . 



^p, ^^,-,,-p^riMir ANALYSIS IF A I o- no I >= S ^ WA GE SLUOGt^. * ftL UM 1 NUM*=C ALC IMM* IP ON* ""AGNt S I UH*T I TAN I UM* 9 AR lU .H»COPPER *H A 
\,r/,..FSF*S'inill"*NICKt-L«TIN*VAN(nniM*Zrir»S!LVFP*ZIPCnNIUM*B3l-DN*«FRYI L IlJM*r HOC»*I UM*C OP AL T*G ALL I UM* MQLYRDENU 
I ■-*•■■ CA20NIP -72n02&6- - 
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